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Title: Introduction to Nano Chemistry
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Objectives:Add on Course ” 

 

The objective of Nano particles are disseminate knowledge of the physical, chemical and. 

phenomena and processes in structures that have at least one length scale ranging from 

molecular to approximately 100 nm (or submicron in some situations), and exhibit improved 

and novel properties that are a direct result of their small size 

 

 

Methodology : 

Experimental and Learning Methods 

 

 

Duration: 30 Days 
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Title: Add on Course “Introduction to Nano Chemistry” 

 

 

 
Date:    

S.NO Content Mod

ule 

No 

1 Introduction to Nano Chemistry I 

2 
Physicalmethods:(a)mechanical:ballmilling,meltmixing(b)Vapor:physicalvapordeposition,lasera

blation,sputterdeposition,electricarcdeposition,ionimplantation. 
II 

3 Chemicalmethods:colloids,sol-gel,L-Bfilms,inversemicelles. III 

4 Biologicalmethods:biomembranes,DNA,enzymes,microorganisms. IV 
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A.G. & S.G. Siddhartha Degree College of Arts & Science 
Vuyyuru-521165, Krishna District, Andhra Pradesh 

 

  

 

Title: Add on Course “Lab Symbols and safety” 

 
Test Exercise: 

 

1. Safety symbols have to be known in lab.                                         (Yes/No) 

2. Explosives identified by symbols.                                                    (Yes/No) 

3. Carcinogenic means--------------- causing. 

4.  Skull and bones indicates ______________. 

5. First aid box is required in laboratory_____________. 

6. Causing Blisters, burns is example for____________ damage 

7. Compressed gas example is__________________. 

8. Cylinder symbol indicates ____________. 

9. Laboratory safety glasses are to be used.                                                (Yes/No) 

10. Hazard means__________________.  
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Value Added Course / Certificate Course  

 

Title: Chemistry” 

 
Key: 

 
 

1.  InertWater 

2. Hard and brittle 

3. Chemical vapor deposition 

4. True 

5. Metal alkoxides 

6. CVC 

7. c) Helium 

8. Bulk -> Powder – > Nano-particles 

9. Colloidal dispersion 

10. Carbon Nanotubes 
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Value Added Course / Certificate Course  

 

Title:Add on Course “Introduction to Nano Chemistry” 

 

Feed Back Form 
 

Name of the Student: 

Class and Roll Number: 

 

1. Is the programme interested to you     (Yes/No) 

 

2. Have you attended all the session     (Yes/No) 

 

3. Is the content of the program is adequate    (Yes/No) 

 

4. Have the teacher covered the entire syllabus?   (Yes/No) 

 

5. Is the number of hours adequate?     (Yes/No) 

 

6. Do you have any suggestions for enhancing or reducing the (Yes/No) 

number of weeks designed for the program? 

7. On the whole, is the program useful in terms of enriching   (Yes/No) 

your knowledge? 

 

8.  Do you have any suggestions on the program? (Yes/No) 
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Class: IM.Sc (Organic Chhemistry)

I

'r-lrxt t^--€-
,., o.);G#renr or c h e m, s,. ;

A.G.& S.G.Siddhartha College 0t Arts & Scir
VUYYURU-5?1 :55 Krtshna Dt. A

A rtsE Sclence (Aubnomour),vuyy u r u

S. No Roll No. Name of the Student Signature

1 Y180CH102001 Abdul Raheem AN"-
2 Y18OCH102002 A. Vineela T-,vniln
J

Y180CH102003 B. Ravi Teja RW19.le.
4

Y180CH102004 Ch.Deva Latha .L>""--{.^#"
5 Y18OCH102005 D.Divya .D.d.{\1A
6 Y18OCH102006 G. Sasi Kumar &, s.--:-;$-*4
7 Y180CH102007 G.Amma Rao w
8 Y18OCH102008 G.Anil G'adt
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10 Y180CH102010 J.D.B.Naik *D,B, Nl'l.i.tr
11 Y180CH102011 J.Veeramma . 1 - \//,rT,1mm/t
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15 Y180CH10201s K.Sowianya m
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Marks List

Class: I M.Sc (Organic Chemistry)
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A.G. & S.G. Siddhartha Degree college of Arts & science
Vuyyuru-52 I 165, Krishna District, Andhra Pradesh

Value Added Course / Certificate Course

Title: Add on Course "lntroduction to Nano Chemistry"

Test Exercise:

1. For milling operations, what kind of environment is pre

Z. What kind of metals are Lrsed for milling operatiotls? [ 1.r.. .\ C-rtr

I3. CVD stands fbr 

-Ck-oali!S/l\ 
'J". ie p.illm

4. Photolithography is a t,vpe of patterning technique p"\*

s. Typical precursor used in sol-gel a'e 
"kiey I

6. Particles of Zro:. \'2o1 anrl Nano \\'hiskers have been produced by 6 e

8. What's the procedure in Top-down fabrication methodf &cil lc > ("a'1e|./i{no (',0l, Lg

rerred?I^.'l #-

e. What is an example of Bottom Up approach? b(;detffifr{sic4 
"

L0. CNTs stands for &, h,n Aq Ao' l"bnS

Value Added Course
Title: Introduction to Nano Chemistry



A.G. & S.G. Siddhartha Degree College of Arts & Science

Vuyy uru- 5iir os, Kri shia District' Andhra Pradesh

Value Added Course / Certificate Course

Title: Add on Course o'lntroduction to Nano Chemistry"

Test Exercise:

L. For milling operations. uSat kind of epvironment is preferred? 'i ,.6 
',

2. what l<ind olrrelals ,r.c usCd fbr milling operations? !.t o'-o d c'u.l

f,.{.r

3. cVD stand, fo, -r&g(d Vt{aur* ArpeW5. \-YL,r Slcrrrur rvr ____Jvwv'r'- - - t L\ .. l /

4. Photolithography is a type of patternir-rg technique ' f"v { -,-/'t t 'J.
5. 'Typical precursor used irt sol-gel dt'e LL!]-e'1-4[o'" -

6. Particles of ZrOl. Y20-' ancl Nano rvhiskers have been produced by

7. Wlrich sas serve s as bnltct' gas i, l-aser ablation? ('i" l''t' "'

B. What's the proceclure in Top-dowtl f abrication method? ft'' l l( E ftale,

g. wlrat is an example ollloltom Up approach? tc rl,c,' 11t'rs'6'lt''Lt

10, CNTs stands for Cerlror. 
^.,, 

r.o'l',&a

Cv

Snono-fr1 hbt
* to It"i do{

Value Added Course
Title: Introduction to Nano chemistry

Value Added Course
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Value Added Course / Certificate Course

Title:Add on Course "lntroduction to Nano Chemisffy"

(YesA{o)

,/
(YesA{o)

{i^or
a'

(YesA',lo)

(YesA',lo)

6. Do you have any suggestions for enhancing or reducing the (YesA{o)

number of weeks designed for the program?

7. On the whole, is the program useful in terms of enriching (Yesa{o)

your knowledge?

8. Do you have any suggestions on the program? (Y

1. Is the programme interested to you

2. Have you attended all the session

3. ls the content ofthe program is adequate

' 4. Have the teacher covered the entire syllabus?

5. Is the number of hours adequate?

Feed Back Form

Name of the Student: E ' 'A"fi I

crass and Rou Number: Sr.a"c lcklln,\) 4 Y tSOfy I D 70D B

./

es,No)

Value Added  Course

Title: Introduction to Nano Chemistry

Value Added Course
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Department of Chemistry

Value Added Course / Certificate Course

Title:Add Chemistry"

Feed Back Form

(Yes,/I',tro)

,/
(Yes,/l',lo)

(YesArlo)

Name of the Student: q , A'Tff'g\ {^o
crass and Rorr Number: 5 r-qst (C**6t y18 Y I 0O CIt tO ZAOT

1. Is the programme interested to 1,ou

2. Have you attended all the session

3. Is thc content of the program is aclequate

4. Have the teacher covered the enlire syllabus?

5. Is the number of hours adequate?

1-**

6. Do you have any suggestions lbr enhancing or reducing the (Yes,A{o)

number of weeks designed for the program?

./'
7 . On the whole, is the program useful in terms of enriching (YesA'.lo)

your knowledge?

,/
B. Do ;-'ou have any suggestions on the program? (YesNo)

(Yes/No)

(Yes/No)

t

Value Added Course

[P.G]

yTitle: Introduction to NanoChemistr

Value Added Course



Module-I

i.. ,r:riir,,,,,' lJ svrrlhcsi,rc difterent types of nanomaterials in the form of

'. r,,. r,.rr,.ijr-S. ir,i.;,-'s. r'ods. vr'iles, thin fllms, etc. Various physical, chemicai,

. :,-r i,r'i.i riclrriicl,.re s ar-c available to synthesize nanomaterials. The technique to

, ., t;r,.)il lllLr tiriil.l ilil rtf inti:i'est, type of nanostructure viz., zero-dimensional,

-r-li,irii:t .,r,.i i. or tu,il-clitnensicinal nraterial size, quantity, etc.

'.;,i:ii r,,".i:,,is: (ti) ntat'lt,ttr,,.,c/. baI milIing, melt mixing

,-ul , ir )r)r cie 1,i,:;irion. lnscr lLblation, sputter deposition, electric arc

,,,, ll]r;:iitl:tiilitl

,u,-'rii,)ds: colloids, sol-gel,

,,. "'ii.0(i$: bionrcrnblancs-

I--lJ t'llrns, inr,erse micelles.

I ) N,,1' " cuzyutcsl ntiCrOOrgan isn-tS.



SO

1\'iudule-II

I't,.,..;,.-...1..,,i:

(i "---r, .:."".i"':': il ir. .iscrl iri rti:ti'irtg 01'llanoparticles of some rnetals and alloys in the for-m

o1 ,r., ,.i.r , ,,.'.,ii, Liir'rrtiil r\)i)llil.ls one of rnore cotrtainers are used at a time to make fine

iri, . i , .': tij,ri.,iri,.rl iir' ,Lritil:i ui-lott Llrr'quantity cf interest. Hardened steel or tungsten

-- , , , :,,-' r), , , rti,,L..,r.-'l) rilung \\itll pow'der or flakes (<50 um) of a material of
ir . . :.., ;ilri-',.:,i clitr ,;-: iil'urbitlut') sizc ancl Shape. Container is closed with tight

i;t, . .,ri . , .r,,:iLfr.i ri,'e l'oliiiirrl et high speed (a few hundreds of rpm) around their own

lir.. ..i.-,,,. ,...ir 1..', uliil, ,',,LlrLu lrroLtnci Sorne Central axis and are therefOre Called as

i, : . . ,,,1, 'r i,tltr ii, i'utllitittr'r.i.rlc I'otatin-g around the centlal axis, the material is

1'. r'' , ,,i:, ri,.. is 1,,i,-;.:il rii-quinsl ilrc lvalls. Ilut due to the motion of the containers

lii. i ,, ii, .., .i ri.r:,. lllc iil:,r'iilil is ibrcecl to other region of the container. By controlling

tli , ','.: : ,.,,:Li-,i)ri i,l'tltc r'.rrrtriil axis and container as well as duration of milling, it is
l,t, r, .,' ,.. .,,.;;ii Li,. rltt.ri:ri i.r i'inc pouricr whosc sizc can be quitc uniform. Some of the

rii. . .- , . , . :. ,,'. [rr-', .. ,\l- l:c. ,\g"]:c etc. are rnade nanocrystailine using ball mill.

i ". . i. ' ,iiiiii,., ,;ir).1Ltcu siliiiler graiu size and larger defects in the parlicles.

11 iiriri .iortirr ;i,ti)uritics ll'oirr balls. The container may be filled with air or

it:- . r,i . ',,.'\rr'. llris clirl i,; lin adclitronal source of irnpurity. A temperature rise in the

iri. r. ., , i i,,., (.' is c\,,__i.r:.1 Lo trikc place during the collisions. Cryo_cooling is r-rsed

1.) r . ,- ..t.r-'ilr,t-(i ij,.'lir.

(,." i.-'ii ,..'"..:,: il i;fior,;li,l'. rri lirt'ttt orlirrcstthe nanoparticles inglass. Structurally, glass

i: , ..r: , ,; r,,,,.1. il. l.r,:r. Lonq lurige periociic arrangement as well as symmetry

iir, ". ,i . ,;, ,rir,i,i:. rlroii_rCLrt:s. \\'iicn a iiqLrid is cooled below certain temperature, it forms

lri . ., ,. .,.:ri,i-' r,i ltl'ir)i'.ilir)Lls s()licl (glass). Nuclei are formed spontaneously with\o_-_--l -

I-icr;.1r,::Cn(.;rl: ij;1 llrg ntclt) or- inhontoqcncous (on the surfihce of other materials) nucleation,,-.4_.., vrrrvr rrrqrwrrorJ/ rruulv4Llutl,

\" , i, 1,,.,. o[i- ..: eti'strtllirte solid. UsLrally, metals form crystalline solids but,

l' ' .., , ' l;::r. ..uoiirr:l ,::r-'. ijiey cllr, lirrnr antorphous solids. Such solicls are known as

Si: ,, \-. , ,,. .,1 ,lurtents l,r.-' il. P, Si ctc. hclps to keep thernetallic glasses in amorphous

il i.;,,r:;riblc to lornt nrllrccrvstals',r,ithin metallic glasses. It is also possible to fonn

,,t1i,,,.;..'ri.'ic,i i'rt'tuixirrs tits nrolten streams of metals at high velocity with turbulence.

,, ..ii,.,t t.,r,i',ritrthi\," niinoprLILicies are fbrrued.



!i, -.' , ,:i iriiitcl'iiil ,,i1ror'. lt coir,l finger on which clusters or nanoparticles ca1

Li, . ' ,. .. ,''i r..r1.r., Seliil)r'i,.u'nlittullllrl.iclcs and piston- anvil (an anangement in which
lri ' i, ,r.:i'cllll [te ;,,nt1tacted).;\ll the processes are carried out in a vacuum

ti, . ., ; ,,-' r,.'.ir.c.i rii,. rir, rri, tlrr_r clrd prodLtct cetn be obtained.

, i ,i;, iri'c.;:lL'i- Lilillil oritlu: are evelporated or srrblimated fi'om filaments or

['' i , - , ,,;-'illls iji.. i',. 'ilt. Nlo iri u'hich materials to be evaporated are held. Size,

si: . .' i;,' rii!' illlasc i/l J\''lllol'litcci nraterial can depend Llpon the gas pressure in
11"' .' ,',' .,1,,, r,'-'i'. t'itistct's,,ri)lil)oi)0rticle's condeltsed on the cold finger (water or Iiquid
iri ' 1,, i-ra sir'1, ,..i til'l iirsirlc LItc vacuunt system. The proccss of evaporation

tt:' ' r' .,, L)- r' -'Li-'.i \e\'!'l'rtl times trntil enough qLlantity of material falls
tir , , . , ,;, .,,l, jclt li ir,:.,i.;il-ritlt,ii trr-r'ulgetllent ItaS been provided.

(u. - ...... - ,.',i-i' ljtrrtrl i.,.'1,(,,rirrult: It is useful to obtain adherent and high quality single
( r' I 'r ' ' 'r,, : i'ii.r I- tir) lrolrsisL:s of a sorlrce of evaporation, a nozzle through
\' i r "\l).iil,i r.i,) i.i.] clllintlrcr, an clectron beam to ionize the clusters, an

l:': I .i ...'--'i.i'i.ltt ii;.' ;iii:,Lct's anri n substratc on which nanoparticle film gan be
(ii ' '-i .. ,:,,::-'.i iri it sLtiir,i;ic \rcullur chamber. Small clusters from rnolten material are

''\ ' lj,-: iltte ir',r..'i.. 'fhc rripor pressure, -10 torr to 10-2 torr needs to be

,.-.: rrirrl il,.' ,,,,,,,1- nccd' 1o have a cliameter larger than the mean free path
t ' - ,,i, , itt ilL' ', ii,r'r r) ltt tlte soLrrce to fbrm the clusters. On collision with
ti i I r'-i i sci i.,,.r,;.i. DLte to appliccl accelcrating voltagc, the clusters are

tri; . .. :; -. ,..)5ti.-ri- , -, .,rrrtrolling the accelerating voltage, it is possible to contr.ol
1ii' " -" ' , ,'r: iilc cllr,,ii., irit thc srrbstrate. Thus it is possible to obtain the films of
1r.,. . ,..i ,, r,,il iisit,l ,,;r.r ,;.r-ll clLtstct.beall.

( l .;::1, iri.)\\\'r i iiu scl illt is a ultra high vacuullt or high vacuum system
r"'' ' ' : ..," r..'i'iCiluij\r' r':r:; irtLt'oclLtction {acility, laser beam, solid target and coolcd
sr'rr ' i)i illl\" r,,.11-'iilii ol'r.i'hich solid target can be made are possible to
:i'r ' , . , l.l l,ii- iiii i I i.i'r.' n'avcicngth sllch as excimer laser is necessary because

.,:,rt,ic rLi.r, r;{icrt rellected by son-re of the metal surface. A
' .., '-'i'U\irir,,'r,i-'r rirc ll ltrilt:; fl'orl a solrd source, atoms collide with inert gas



pl'r'i

'..'.':-]il:ics):li1(...,.]{li0l.lthcrtltbrtningclusters.TheycondenseontheCooled

.,.,i:.i"i i: i,11..,, 1.:irtl\r.u lls lilser ablation" Gas pressule is very Critical in

. ,.,,. i.: :.rz- ,..: ill:.tribLtli'rtt' Simultaneous evaporation of another material

l.rritl.et.ialsrrlirtertgasleadstotlrefonnattonofalloysor. , , \J UVLil)\llli'! l'i

il. ,,,, ,,t' I-i"'' '' "rssistcti 
litpositon: Flere a mixture of reactant gases ls

Lir,..:',.l\t'.,'.l..li,.i.i-i'|.,Cl.tt}lit,l)resenccOlsomeinerlgaslikeheliumorargon.

,,\i i,, rr-.'l Lri .ilc''i"r''):irr'l l'eliellllii gases collide'nvith inert gas atoms and interact

\\'. , ... ,,i.1)\\' lltl(l il.-, iiicii get Clepositeil on Cooled substrate. Many materials like

;.1'.].''iL.:i.u.i'il.tr.r.li.'':iz-cc]ititlanocrvstallinelorrrrbythisrnethod'Heretoo,gas
r rr.,:.tliir'' , t .. 'ii .itcitlirl,l Lhe particle size and their distribution'

. ,:;.l.,rl: ltl .',.-ii.tji-clcllusillon, Some inert gas ions like Ar are incident on
\l;,

ir r. I : I ;,ti-I.*\.. i'lr- irrirs becotlie neutral at the sud-ace but due to their energy'

iii,..,,-.,1i:iirtl])il'r'l':ii'9ctbc'tlllcleclback'createcollisioncascadesintarget
,,i:"t rrl tir- :.i.rrtii in lite tatget crcllting vacancies, interstitials and other

;r_, i;fi:iutb-.r,,,. .r.;rtc pl)otolls uhilc loosing energy to targct atoms or evcn

,rir,.lJt ritiii,,: ri;rilccLrlcs. clusters, ions and secondary electrons' Sputter

. .:-,1,r LrSCrl rl,,i, ijlrir clepo:'iliou technique, specially to obtain stoichiometric

-ri ;i)riL:r.iii: ir:j.!ct n]lrLeria[ may be some al[oy, ceramic or compound' It

:jiiiii-t il.,ii,.iir)(isit ntLrltilaver fitrns fol mirors or magnetic films for

5,r r-i.-'iiuir-\, ,ii: ; :,ltutlcliilg or magnetron sputtering. ln all these methods'

(rl. j. ,. ()i i)iirsl)I.. iri .)\)inc irrci'[ gas atoms oI leactive gases' The deposition is

\t'. . ..'.'';l tr'lliill i] li:.,j)titt0f tillqet and the other is a Stlbstrate, gas introduction

i..

It ,rri.*e1 i' i..i.i ut lrrgli rlcgative voltage and substrate may be at positive'i', . : .

!,, i,,,..irii:ri. ,.,,r.1,:rtcS ulirv bc sintLrltancously heatcd or cooled depending

t.i , . -.']1r.. (;iiu: i',.. l.JLItlil.cil 
,oase pressure is attained in the vacuum System,

[l:'. ,iil..:tlr'Lel.i 'ii .ili,rr. 1.ltcs,rtt.e. A r,isible glow is observed and Current flor,vs

1,. : 'l..,ii.itit.l,'.;,'iiilrlg tirt-Jtpositron onset. When sufficiently high voltage is

r , r1l1 ,. r,: r.i.. rvitli l uas in it. a glow clischarge is set up with diff.erent
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pol-'; it;.': l.;'ur;; i; iiig cathode'

l{li r,il.l i)i
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hii . c i,, ir.: ,i
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SOlil.r ii.i:iii llil
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,:- sir.r\\. L,.,',i-.-"s tlark s1l:ice, negative glolv' Faraday dark space' positive

:.,,,, ,:)Lt.!- r,l .i .,,rr-r(lc glol.'rhese regions are the reslllt of plasma' Plasma

-' :'ri'rt Ii'.',r.' ,,,,r-{ lltltl 1r1ii'tr'lns' Plasrna is overall neutral but therecan be

:. r,iJrlilirr,i.,,,,l', ()l'llu)iiivc or llcgative chargc' Thc dcnsity of various

..rri:,:.iii i)\..i i.,rrrcii tltcr';ri'e Spleilcl and distributed depends upon the gas

ir: .''iiiz i. 'r ii''ircv is t,s.d and the electrodes can be insulating' However'

. ,.-i,:rrrrlrl\ .:i-',1 tl'cclLl.tr:"' for deposition' Target itself biases to negative

i, iti.t cfj.ic;,.,r..., cLrn bc i'rirther increased using magnetic field' when both

:i, l'ir.i,is r, ,i;iriiltlirrtrr;iiSl! on a charged particle, tbrce is acted upon it'

:,,,,:ii.lti .., ,r l:ii(l is lii''1c to iotrizc more atofils in the gas' ln practice'

, ,it::1rcii, il. l.i:. Lo tlre ilrrcction of electric t-reld are used to firrther increase

I ij 11s. iric, iiliing thc cl-liciency of sputtering. By introducing gases like

. r ; rl:i, -rl'J ,, irilu rtrctlti Iilrgets are sputtered' one can obtain metal oxides

Lr. ,.i..:," ":rtrbidcs.'i,":.. 
-!'his is litlown as reactive sputtering'

-i i, .'., t,l.i]l L)C i:ij..;]CI Cllhxllced using nricrowave frequency and coupling the

l'J',..''.-]]u['ulJ'.,''',..sirlllillglleticfielcl.IonizationdensityusingElectron
(,..'1.-'lliil:,i...islilltrt-tt-..jorclersofrnagnitudelarger.Thinfilrrrsand

1,r , -.'i ::i;l( '."'i tLi: ltrtlc tlccnobtaincdusingthistechniqure'

,r.,,r.i:l r-r ir i,J e .rnsitlc,.;ri as a tlansport of reactant vapollr or reactant gas

. ri ,iJ1ii lir-',!;iilj higlr f'-rrlperatllre \\rhere the reactant cracks into different

. i., ',- rr11 Lr'u'.,r lrrce. tilr'1'lgo soll-]e chemical reaction at appropriate site'

,,;,.rl.i|i1ir.'r1.::,iter'ltlltrtt't'ialfilm'Tireby-ploductscreatedonthesubsfuate

,,. -, ii.i-i' i' r,,'' iliiscuLls irhasc rcmovit-lg thetn from the substrate' Vapours

i.,.Li i,rt L,lL'r,i l)r'llllpcti iilto reaction chamber using some carrier gas' ln

, i.i.,,rs riii.i\r r;rJiii througlr ae rosol fbrmation in gas phase. There are variolls

. - r'i.Lit,L: .,i :lts. e h.'t'rtical reaction between different source gases'

,l LIn'rrorro" it iq.
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.. .i,,.i,J1i,.)u..i.-irt:i ut tiru sLtbstrate rather than in the gas phase. Usually

., ,-, i,lili.t .' ,,, ri..tl itl 1ilc sllbstrate. There are two ways viz., hot wall and

,..,;:,ii.itlt, r,r.'illutrti. in hot u,all set up the deposition can take place even

(,i. .,r:, :ri:iioi,:.:,i iir colcl \\lrll dcsiglr. Besidcs this, the reaction can take placc

ir, , . : .\'"iii r.i,.,,i,.,rr.r\rhich i: slrppressed in cold wall set up. Further, coupling

L i i, : , -., ,,;,,,-ri i'Jii-ii,,,i rit coi*-i \\'llI set up is feasible. Usually gas pressures in the

., t.(l tori iiri rise(l. (lr.rwth rate and film quality depend upon the gas

.. ,. . r,:.,Liiit- ti'r'r1r.i'iriltrc. \\'iicn the grclwth takes place at low temperafltre, it is

,,. ; .;i':itl, ilrr'-t i.lllSiOll.

, .,'.: i,r i:,,;,i, i, , bcelrttse of relatively simple instrumentation, ease of

r. . iijiir!\ \r,iiriiirs of ('\'l) like rnetallo organic CVD (MOCVD), atomic

, .1; :, )l i.ri,.;r,.r .:}itiLr,r' r \'l'tl), plasltra enhanced CVD (PECVD) etc. They

,, .'ri,,l-it'i'. :, ..,,trctf icll I ilrvollt, teiltperature Llsed etc.

,, i li'lirii.i.-fli.'s rnti c.irbon nanotllbes. It requires water cooled vacuuln

i,r irr',i.,. :iri .il'e Lriirlcen thcnt. The positive electrode itself acts as the

. ;: :.,ii).' i.i ,i\:iI tir',] lLr bc used, there can be sorne aclditional then-nal

,.i,:, i.; .. iiil:ir rrrrd hillr clrrrent -50 to 100 arnperes is passed frorn a 1ow

, r ,l-l- i,i '.,ii-;. iircr'r ils pl'cssLrrc is rlaintaincd in thc vacuum systeltt.

ri;'rlii,-' rrir,L.,'r'ilii u\irl)orates. This is possible as along as the discharge

. ,, ;l,ii.ii..r i ,.'i,i'c L).i\\een the tu,'o graphiteelectrodes, it is possible to get

i.,.rrir-r'. lir .'r:,,"' o1'lirliclctres, the formation occurs at low helium pressure

,.i ., ,r.i iilr;r:rir.riLiLrc lir-rriation. Also, fullerenes are obtainedbypurification

. ,. rr, iiliiei' i,.iii:; r;l'\'lcLriiltl char-nber, whereas nanotubes are found to be

,. , ;i! :1:i., )..'r,iii.c lii'i'.l iit the central pofiion of the cathode. No carbon

i, ri t.i ;11,.,i,-'i' tf lLIl:l

ii;ir ,.,-iirtrtl iri.rir cncrgy (f-ew keV to hundereds of keV) or lou'

Li:i.'., ii) tibiliirr rirnopal-ticles. Ions of interest are usually formed

ri--ii,:r;.'ri t() pr()rlLrcc metal ions, which are accelerated to high or
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l,; . ..i,l :iilb:,lrrr :iclLtccl to tcw hunclered of C. Depending upon the energy f
tl,. , r \ :;iii)ti:i (riirur 1rr'occsscs iike sputtering and generation of electromagnetic

r:,. :r . ,i:..:c ii i.; 1,,,,,siirlc lri.rbtain sitrgle element nanopafticles or compounds

li., I , ,l :l iillC rliJ,.l..rri. iit .irrirr!'cxpcl'i llcnts it has been possiblc to even obtain

r-r , , ,.,,:. i rr\\,' rr,-''r' tlre rgr') uilploying ion accelerators like a pelletron.

. ..,- .',,iilri'r.; i tirrli): 'lliis tcchnicllle of deposition can be used to deposit

, . ii..-l "1Lr:,rilt.trr tii)1.S. rlrllilitun'] wells, quantum wires in a very controlled

'.' .,i.,rri'ii\' ,', r,,riitrilil.r is achievable using ultra high vacLlum (betterthan

. ,.,r .,1i.i,.,,iii.,,r lirlrri\li AS Kundscn cell (K_cell) or clfusion cell are

rir.;iJe tii.:i i,r'iiitis u1'Lite coustituent elements. The late of deposition is

, ,,i;rii-rlC lr'lr1ir-ri.lilul'e i:; ratherhigh in order to achieve sufficient mobility

.i,..,i,,,,-i;-,.r. .r.irl br rririr-le by decornposing solids at high temperature

. ,.r. iii.ii ;tr,,i,,.-'., j.rr lrrti,,rrs ol' ntctll organic compounds. The process is

-rrrtt,1;ir'. .rirlii ljthrunr particlcs can be mado by decomposing lithium

r i. ,'l,i i:r ';1,,..r.1 ii.t ittr ct'ltcuatcd cluartz tube and heated to 400 C. At but

. .',.i. Ii- li r:. i,.r ,!ll ::.lLr ri,hich is observed by an increase in the pressure

,r - li; i] it:\' ,iiririrr': ilr. prc'SSLu'e drops back to its original low value,

"-- lirr:, r;.'-ir i'CirlL)r..rii. The renlaining lithium atoms coalesce to form

. i: i i.,:ir'ticir',,. i':iniclcs Icss than 5nm can be made by this method.

, i,..:,,-r.'ci L:'' ,t,lr',.,.[iicir'iir iit] apptopriate gaS.

.-.^:i,q.ii r'Lii .-.i llrre;: lrlivc bccn r.rscd in the synthesis o1'nanoparticles of
, :.';rriiit)lr lLtrii :i r'criticiirg aqent are tlorved through a blenderlike device.

.. ' , :: 'r,rli.i ,-1i,,1.. rihiclr r'r)ti-ites in the solution. The solid disk is subjected to

iiir ii-..1iir:-r i,rtt:il)riiS ott the surface of the disk. Silver nitrate and the

. Lir's.r lr,,l :t;;tilS" l'J:iillting in the fbrmation of srna1l silver particles,

. r-,i 1r..rr; r.i-' srririiiun using a centrifuge. The size of particles is

,:.. \.,i rrrj :.r-,!ri'fiirri r\irrtion specd of the disk. This method is capable of

. , .ril.

,-t,--.,.,1Uli,ll-,lr-.r

(;: .i i,. ' :rlit;jtrltl.: .ri,ri lli\,cl' L,r, layer growth to obtain nanostructures.
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' : :, i\':ililli 1r.ls (,i'Llsillg cltcttlical nlethods' which are -

i,,i' l,.' :r ill:ilililllentiti()i] col-Ilpared to many physical methods

-' ( I l-i0 C) svnlh;sis

.rrr li.urits (lorls) 1;t.,ssible during synthesis

;llri sltitpe s are ilossible

, i t)irilrilling is possible

, .,:,.;i.ls ri: ',.,i.itrutls: '/\ class of rnaterials in which trvo or more phases

.. .'linc i.,i''i,,llt'ctlt tir:itct'iitls co-exist with at least one dimension less

,r i;il(),!,,ii rr; u,ilgi.i:,. Colloicls rnay be particles, plates, or fibers'

,,,i;-e 1:.1:i .,i ei.,lloitis. irlu'hich one of the dirnensions of colloids is in

. . i .,rr f orioi.l:' ritc tilc prirticles suspended in some host matrix'

Iti;,t,t.,..,1i, t

sur'riiJ: Lla-' ti, 1.,

C0llgri l:i.;.;.i

Ciistlci':',.'ti irr

iltt-fl,.iil,,l:;

l:i

:L

ill\

1lli,:'l,.tll,.rl :ir\ .

illi- t'li"'iri,;i r':lti

C1..,it.i.;,i I tl;,ilt

di;-,o1.-',, ')l'iii()

Cul.(r,.;r l;l :;

chliril'..: ,.;i' i'r \l

1-lli,'li.:i,':1. irl;i

ktli,\'r l, ir:i ii,.ii

!\iiltllii,l.cSuffacetovolumeratio.Thereloreatomsontheij"''

, . ,,, i.:.rJtrii-' ri-.[-. rt'hicli casily interact to form bigger particles or tend to

,:.jicSSlry t., Lir)dci'stirpcl lhc Stability of colloids i'e., |ow the colloids

,,r ,illt ]cl],:rirr sLrslterrrletl particles. In general there are a number of

. I i ,r.e iii.. irr. L\,|)cS 1l'irrteractions: attractive and repr.rlsive. Repulsive

,.rr;.i ,i1, il.i,.-' r)l'lirriir t'epLllsiVe interaction and long range attractirre

, ,.ii.; tiiiil:\ [,rii l{clrLilsive part arises due to repulsion between electron

, .,r;.i riilr.rr,tir. i)iir-t is tiuc to interatction between fluctuating orpermanent

. -,.:rilcs llt,: rLttracliVc fbrces between colloidal pafiicles reduced in

,...iiirr,r. . r.,lioiris iir Iicluici luay be positivcly charged, negativcly

.i ijL,l irr r.r,,r5ri elr:ji:i ihey arc charged. As there are some charges on

,.,:.,,i.1 !rjiit,:r.s lieetitrirtlltte arollnd them. Oppositely charged ions are

cli,i,l;,; ::,.,,;,' l',r,i.riiiLi of colloids Can bc increased by stearic hinderance or repulsion' By

*ti:rJrt.;:i! tir)irt: i:,r',.,r.s ol'a rlil1":rcrrt rlaleriai on colloidal partiCleS eg' polymer it iS pOSSible

to ,:.1i,. iir'- li .,.iilirt'.: tirrces lie itl'cen the tn"

.r.-.. ^.-^ ,-L+^i-^,{ or-o ^or'riprl nrrf in (rlass

a

a

a
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l.-'1.-. l) ,. , ,.. illa::l l.Jit.l()r Ltsitlrliy lras a provision to introduce Some precursors,

!.i r, ,, .; il.f tritrl),,l,iLrl'e. llii etc. cluring the reaction. It is usually possible to

r.jr ,. i .:, ,r rLrirrrr.rl.' iinrc intci'r'ats. I{eaction is usually carried out under inert

Dr.i.:,li .,i.,,) 1lt',r. l:i,rir 111xslt-: til stir the reactants during the reaction by Using

-l'1 ., L :: .'.,' llCC.i l'-l

,,,rireSi:; ,.ir iiiil)()llirLiiics is a cotlplex process, by understanding how

.,: Ui'prir-tiiic,; rritcs 1tluce, it is possible to control the various steps and

rsiicr.,r-..i iriri)i)[lr-lt.tiuies. This can be done with the help of LaMer

. i)ri ii:..r-,,risiiir, lirc itrnccntration of thc reactants in the solution. at

,ri.,,(.r. i,i.. litirrurlir)r1 of nr,rclci begins. There is no precipitate at this

ittcrtr:'' irl colli''elltratioll increases nuclei formation up to a

' ir)r-r\,,c ir iriiir lherc is 'super satUration' between CN and CS'

. .r,,.,,LriCS ilie tiLrilitllLllll rilte of nUclei formation. When nuclei formation

., . ,i,ri-rir,riii,, ,r.iiiuctrltiilitltt for tlLtcleation is reached' No new nuclei can

, ,..r Jr'(,\\'iii ,,.lt,uuS ili,: Ct'lt'tcCt'ttrartiOn. At thiS COnCentfatiOn CS, an

I ,.. ,. Ii'l',irt :ir.;--lci ll;c lir;trcd dLrring the growth of particles, parlicle with

:,,,;r llr'c ()[)lr;riJri. 'filer"clore it is very important that concentration of

.,, , 'ii., tiirr,.;irc s|".e its be acijustccl properly in order that no fresh nuclei

.,ri.eririrlri.)ii ul sriltiie ancl itsclifflusion to dissolve species be adjusted

.. . ri.) ll::.t, iiLiiici ule ibrr-nec1 once the concentration has reached CN.

,, ,,i lil L;tr: ,,r..\;)cltsc ol':it)talIcr particles. Largcr particles are more stable

, ,;i:ru Ut :,r;l-tllet'1;:iriicIcs. ThiS growth mode iS known as Ostwald

. ., ,..,r-cc i,rr-i"ii'gc pal'ticlcs is the reduction in surface free energy.

, :.t.tiL''tr r i'..rliicrr srrithesized by reduction of some metal salt or acid.

,, ,:,Irlc :,.rl.i put'Liclts cittt bc obtained by reducing choloroauric acid

, . .;,i uiii'i,L" l '"ri.l('irii-;r)7). The reaction takes place as follows -

I :i.i,Ll-5()7 ,\Li, -Cl6ll5O- + HCI + 3NaCl. t
, .: .,, ilLlL'irriiii)rt trrrr-i crindensation. They grow bigger in size by reduction

: l;r. 51i-i1.u l-5csc lrorls are stabilized by oppositely charged citrate

i .. ,,i:,ie ;,,,: ,-.,iiitJit ltiic,i:iC rcr:l, lnagenta etC.. COIOUTS, depending UpOn the

: .,,,.r,iiit'irri..: ,ri.c ,tliriiizecl by repulsive Coulomb interaction. It is also



(b) r-,.

ittLit li:,,

tltr:' t ,r ,

,. .,.;iil nrL:rcirlrr'ticles Lrsing thiol or some other capping molecules. In a

,rr11r,,ii. ,rr coppe l' rurcl other uretal nanoparticles can be synthesized

,,:ii)j r. i.,r,i)ilittLil'L:.,.'[], duration of synthesis etc., Particle size, size

...,:. :,ti'i)n,:ii -iilrettcl ritr lltc rcactiotl parametcrs and can be controlled to

. .i. ,: , It is irl.,., ;itrssiblc i.., synthesize alloy nanoparticles using appropriate

.,ii)t iiittt;,t;:ti'tit'lt"; ilin be syuthesized by wet chemical route using

- , ,ri-lc:rlrrt',)l;clrrcl,rrs like CdS and ZnS catt be synthesized easily by

. i , , ..., ,,::cipit:itirn. l:'orcxrrrnpletoobtainZnSnanoparticles anyzinc saltlike

,r ,..- , ,rinciiri,.,r'iclc (ZnL'i2)can bc dissolvcd in aqeous (ornonaqeous) liquid

i , :oiiiLr.;ii. iirrllrru irrr: sir-nple lcitction results to give particles of ZnS.

; . .ri.;uli:, r.ri1r' :iill Lt>e lilllowing reactiOns:

i ,: r)i oi:,:rir,.-'-i Lisirr:l irr,l)r'ol)l'iate seleniunt giving salt. However, all these

. :,,"r surr:r.:i i,irs:;ivi.rriit lis colloids fbnned in liquids have a tendency to

., ,,r" L;c ;,.ririii.:rit to lirtp them trpart. However, stearic hindrance can be

,. ;', c(iriLiriJ. lirc paltiiles to keep them apart. This is often known as

., .: ixis Lr.:*.,,i,.r rr niii.riy Lrsed method in the synthesis of nanoparticles.

, . i .ril)lcri r.,L;i,- iS lirlrr. onecan get stable particles of variety of aterials

, l;Lr . i ri .iirul tli , irts o{-f thc liquid. Coatings rnay be part o1'post-

. . .,r llic r,,Lrlr -:ii rcacLr,ilrs to obtain nanoparticles. If it is a part of the

. r.. .()lr..i,;;i.ir.ii.ri.r trf irrPlting ntolecules can be used in two ways, to

: ,, i.rr\ i-i, 1 ,r.rrttir! .r.pcuding on the reactants. In high ternperature

.rrgtrrrorrrrtrilic reactants are injected in some solvent like

, t,.ir irclcl ui tclnperatLtrc

iii!'i,iiiirl: 'l iris technicltte to transfer organic layers at air-liquid

1.rrou'n l.rr nearly 70 years. The technique was developed by

rli.;.ir..ir. ;ir tltis tcchrtique onc uses arnphiphilic long chain



,., i:Lttvrieiti;. i\tr anlpitiphilic nlolecule has a hydrophilic group (water

!,'.;.'rihlii;.liri'tibicglotiP(waterhating)attheotherend'Asanexample
,, o1' .rl't'.;l..lic llcjrl. rl.lriclr alts a chernical formula [CH3(CH2)16

ill,'lli\:il'i.-i,l.lil{cliltiltorcarlicchainswitlrgcneralcl-renricalformula

,, .l rri., ,tl llati-il'U.

.1.'.,,.'iit>l.llri.cltntjiiliitcstoforrr-rL-Bfilms.Thisisnecessaryinorderto
't,1trrii,.;l,i,llleelirl:i\\'CllSepalatedfrOmeachOther'WhenSUCh

..'.l.i..illulii.,lcuLil:.,1.'pt.caclthcrirselvesonsurfaceol.waterinsuclra

i ..,. ] ,iic ciiii:. .li.Lctt c;i 1li,.l as lreacls. are immersed in water, whereas the

) ',- - .,,.:cl li j trriis rctt'tirill in air" Thcy are also surface active agents or

,,i,.::.:itelirrtl'llilrltiIicrrl'rlcculesi'e'atnorganicchainmoleculeinwhichat

., l,\'tll''.'lri:,i;i (ri'lttti' j(]r'ing) artcl at the other a nonpolar' hydrophobic

..:iiir)ritsl.i;irruiiiri')\'tblObarrier'itispossibletocompressthese
...i,Jttl:'Jtiiilttliiit.litanronolayerandalignthetaiis'Itishowever

. : ..' .1, ', ' .,iic arrtl iit,til.ollhobjc cnds are well Separated. Such a monolayer is two

I .. I,ri'tfl ci.rit DL-'rt'linslr|tccl o11 soll-)e suitable solid substrates like glass'

r:,ili;',ri;,rriiirrgili;'oliclsttbslratcintheliquid'inwhichordered
r.(r:- it li..r l,l\)llil[LIycl is alrcady'lirnned'

.,:r .ri. i -il irlr.s is clrle by fbllowing steps: (1) A monolayer of amphiphilic

, -i

I ,, ',..i ir: rirt.ii.1ui.i t-li i-lrc substr;rte is pulled out, during which ordered

I , ..i lii. )r.iLr!i,i-rii. t+; whcn tirc substratc is again dipped, molecules

ti.r : rrL;iii:,i,1 itrluirr.rg ir sccond layer on the substrate (5) As the

,,i'.,r,ir',,..'il illYcrs ciin bc translormcd on a substrate'

' : .:,.-C 1.\lld: ()i i--F] i.iirits rvith clifferent multilayer Sequence. These are

, : . L','1)r ii, \-irire : 1'rlposition only during insertion o1'substrate (2)Y-

,, ,.Jtl jl)\ :rj i) i. 5Ll[)Sil-ltti. Y typc of f-llms are most comtlon. Although thc

..,'.. i:l ll,;;i'r, l]lt ,,i.ili (I-l' Waals irrteraction between dilferent layers. Thus

. . ; ril'ilcr,)1 riliiit;Sll'LlClLii.edt-tlatet'ials'

.'..;' lliilii)lr.Lr'ti"lt':i lrsirig L-B technique' A metal salt like CdClZ

\\lrL(';i)iIstli'iiictt;fwhichacompresseduniformmonolayer

or

of

L-il L'ili

It ,-i l

Lll, , '

,:;ii;]

::i ll I
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iir-'i:,ri i,, .ri ,'.:lr.l. \\/llell IJ2S gas is passed in the

tc,,', .ri ,il'rri(;iilutcl's can be lorrlled' Particles are

iJlr. rirlir.,l'il iiliir()iilrrticies ale llOt fbrrled'

solution, CdS or ZnS nanoparticles of

uniform in size. If surfactants are not

'\s tit'r iiriirle illli)'ics so1-geI involves two types of materials or

,r .. rrcl . i'il'|t'J :rt'c sct;tal aclr'antages of sol-gel: All sol-gel formation

Il -.. : ,, ti'ttri.,,-rr'.ltLrL'. proeris. This lneans less energy consLlmption and leSS

.. iitc [,.'rr-.iii.s lilic g,:Lting ullic]Lle materials Such aS aerogels, zeolites,

. . r,,'i-;rrr,,1,.--iilol'S:lllir ilybridization are Llnique to sol-gel process' It is

,. .. ;trr lili.:,),rlir'ti'i-liS" ir',i1(lft)cis,IlLlllgtubes etc', using sol-gel technique'

.._ .r u liL;r.;i.i. il,e_r,rrrr iitLrs a subclass of colloids. Gels are nothing but a

, ;irrfriCies \\ irh porcs tillcd with liquid (or polymers containing liquid)'

,iS liriiitritrr)Lt ()1r'si,ls'in a liquicl and thell conllecting the sol particles

,,a.,1 1.i:1),ili,.l l, i)',ii)]rls nct\\'ork) to lorm a network' By drying the

I r:l :;.,:.i..1:ir rr) ()btlin 1io,uvtiei"s, thil lllrlS Or even monolithio Solid.

S;r i , .. . ,icrrji.,i ;riir)i\rs li,,,,irtllysis olprecttrsors, condensation followed by

lli,, .. . . r. ,,riil 1)Lri-iui.rs. gclatittrr arrd drying plocess by various routes' Precursors

(s, .., . : r :. - i0 l;ilit.,sitr sittlilrirllcyhitvcatcndencytOfOrmgels'BothalkOxideS

. '-.i ,1r..,"i.ir. ir:i,. lt general lbrmula M(ROH)n' where M is a

,;.ii). r.rr,,i ,r r:- iiic ttii,iiltcr of (lf.Oli) groups with each cation' Salts are

.r ,. ,it ri r:,:if.iiir)rlrlriti Xrsananion.AlthoughitiSnotmandatorythat

,, .. r)\, ;.r s()l-!ui 1"rr.occss. often oxicle ceramics are best synthesized by a

, ,,ric iii iiii;u. Sio-l rior.r[) with Si at the centre and four oxygen atoms

,.. .1(),i ii,-. rr.rr' i.iclii ,,,r'fiillling sols with interconnectivity through the

t.rlr.lrt I :.r,rrii r.L,,rics or ll()fes. By polycodensation process (i.e.,

lrr. , , . , c.,rrl,;;l l.):r,ll'lcr [,i'rerloval of some atoms from small molecules

,1. -

rli:ii:,i:i ,.)i rii.inolliriiicles in the cavities produced in rnicroemulsion is

, ,-i\:i,,ir,r,- rrt' illis ir,;llltlti is tlie biocompatibility and biodegradability

.,ir, iL',rrilriJirtrrirY Llr,-'tirl. Whenever two immiscible liquids are



, ,,.i1

liiri

i.il)\

.. r, ,.siirr-,,'ri r\)!lclhcr. litcy are ktlolvn to fbrnl what is called'emulsion''

,,igi.is is:;,.ielr tlltt Liic liquid isslraller quantity tries to form small

I r1r,i.,, .rj- iri\ci.s so iiLril they are all separate<l fiom the rest of the liquid

,, i.ri ,;l ,trlil,;. 1'lil .l|oplct sizcs in ctnttlsiol-t are usually larger than

riiiir,:i-ri ;. irrtlr-llsi.,tls are usually turbid in appearance' On the other

Jiii:;:r til' ,ntruisciltic liquicls. ktror,vn as lnicroemulsions which are

, ;lul:; rrr..r iir r|c rrrirgc gf -1 tg 100 nm. This is size needed for the

r..,: :,is \1,:i.,lrirrilsit)its lrrc stabilizecl using surfactants (surface stabilized

.ll(.,1'1.1i'll-ii'iii.lLiii[iri.iil(0),\vi}ter(W)andSllrfactant(T)aremixed

:i.irr.:1,i .\)li,,iiltr'-it,.)r1.'n1icclles'or inverse micelles are formed'

I rc.''rr,Lr.iil,.l rii \\iiii.i llltci ofganic liqurid. Miccllcs are folned with

,,, ' ,: tilii':lli1 11i'; llrt;irt.i in exccss of organic liquid or oil' The ratio of

.:,.. ,, i; lrlj)uii:iilt to it.'cicle rvhichtype of micelle will be formed and

: :i L.t';llil'\' pirltsC .1 ilt{ram, tlsillg a triangle' Cornposition can be

lr,].., 1;.,r_iii-.i ri, r,ii thrce siclcs of the triangle. A modified phase

,,:.tr i- i,i:rir.;rri ir1:iir can be cclrtstructed lor finer details. The critical

, ...,.ri[.,, .il,).-'i,tl:Ll|)iiii llI W, O and T concentrations. Effect of T is to

.. , ,.,* ut \\,riLf r' .irarlltL,eallybelovv CMC and rCmain Constant abOve it, aS

,, .ct)li.liiii,r, i:; iicltt ti,i i6Creasipg.There are four types of surfactants in

,.ll ,\iiiortic: cs. R-SO3-Nttl-

,2-L I t2-o)20-t{

i,,.rtliittcs.

;1tLrt.Li-ir::; r,f iittcllri., SClniCOllductors and inSulators) Cobalt, Copper,

. .,,,i,::r , i. " i,lii r' l-,,.,.:r.r syllthCsiZed LISillg l-llicroemulSiOnS Or inverse

:ii .r,.).,1: rrlrrii)1)lliiicles - ,,\ revcrse r-nice11er solution of water and

r,l:riiiL ri rrrorrli.t\ u;' ot' surlactant like sodium bis (2-ethylhexyl)

,,)'i ) li,c cli'opleL .lianteter is controlled simply by controlling the

, iri;. il-i,' i.il,.ilirrnS lilrVing sallle clialneter of droplets can be formed'

. i,.ii u i. iri -rr.i-l')i t _... cobalt bis (2-cthylhexyl) sulfosuccinate aud the

r.i iiii ii,',.1;.,1;i,lii[,'f Nal]l-{.1). When tu'o sOlutions aremixed together

: ,,,..ri...r ,.::,..ur but thc color chatiges from pink to black. one can findby electron

;i,1,i', si3 tlilrL cobalt llirlloparticlt:s aIe formed'

A lrirlri ,

C'li' U -

ltrr-;ll"',



... , .:tii,,r.ir :ci lr'lti Lr ires of lcdLlcillg agents can be used to produce

,. .; .,lili,:,jii i-iijijr.lir. aucl NaBH4 where Et denotes ethyl (-C2H5)

,. ': : iti.,1ll'il,ii.l.s tli'ttltlll,llilctll.ttrl (Mo) can be reduced in toluene solution

..i..'.'..i.iili).i.iiLti1.L].proriclirtgalrighyielctofMonanoparlicleshaving

, .l; , l -i".' L).Lli trir'''- bY clccorltposing Me2EINAlH3 in toluene and

,ii..(i.,,lii{\'i.'i:;rl}cthvl.-CI{3)'Titaniumisopropoxideisadded
..1.1.;i;l,i li..[:] |i} li .'iilitlvst tbr the reaction. The choice of catalyst

,!, l)iiiLitl..s pror-llti:uJ. For it-tstlttlcc, 80 nrlr particles have been made

.l:iri.j'.i-'ilrtstllci'lrcic[canbea<lcledtothesolutiontocoatthe
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usc oir t:i7.f,,;

usc o i' 1i itil-: i r

(Ai S','i,llir:,

nttlrils.-0irt.

pl'occ:js,

h1,rlrog,

liiie an

cefL;ilir i)trti.r

p0l\rslr'r irLri i-t ...

Ct)tir1li3'. \\/;iri;

nlarL-llS r:i' ifr,,., r

ExlLnrpi,-:l:

Pscuclor,,onl, ;

foliorvir.;1

pt'i' irilt

; rirr;1.11 :tl). pt'oLlLrcrs gold nanoltarticles extracellularly.

^\l.r"iule-lV

r ' ir,is ,:r,iiro;l i;i,iiugi':il iltgrcdicnts can be roughly divided into

:,r: [)l' i]irlltl eXtlactS

rti"'r liitc llNA. nrcnrbtrncs. viluses

., .i.iiriy riricr'otiI'gauistlrs: Nlicroorganisms are capable of interacting with

,.:. i:i cirnllct witii tircrn thloLigh their cclls and fonr nanopafticles. Different

r:";uril- inicroorganisLn inleriictions are: (i) Some microorganisms produce

,. ii cltri ,rritiizu (ir.J.lnic nratter forrning sr,rlphate, which in turn acts

'' Liri' rrr-'iltboli:ni i'his H2S can, in presence of metal salt, convert

11]-'lril i ,:i , ,', irtrlrii :,i.ripiticiu:, ri'hich ilclirisits extracellulary. (ii) In some cases, metal ions

lr..,i'l li r.;il:, ;.riL f liill Lilc ccll. '[hc ntetal ions are thenconvefted into a nontoxic form and

ctii''-'r';t: ri'iii, 1.;',iitiit:; in order to 1lrotect the remainder of cell from toxic environment. (iii)

,., . ; iii'. err1[Lbic ui' sccrctir-rg Some polymeric materia]s like

.ir\.-' ,.iiiii lrlii;rpirlii,-'. hvdroxyl ar-rd carboxyl anionic gtoupS which

: ii,rii ir,rrrii t"Lr..L..'il,iilirlv (ir') cclls are also capable of reacting with

,i. , ,lr li, i,'t-rii.llii;,.rii i'i'riLlction. ntcthylatiorr, derncthyIation etc.

\r-l-i') l.,arcr iu li'r ibund in silver mines and are capable of
: ,. ,)i'1,:ii,i(i- i,i iiiiir cclls u'alls. Using this fact these bacterial strains

cliii Dli .:l:r,:,','r. r'-'.1 t',iLi, lrigir concrl)[ralion of silver salt like AgNO3. Numerous silver

i :iii:i:i,j-, ,-liii i.r- pi'.;.lLrccd having size <200 nm intracellularly.

I , ., ., .tlrLl i,;i;.i (,'\ti; ";\g i stg.) cari be converted to metal nanoparticlesby

. l;r1 iri irutrri.ililt. [Jv cxposing t]re mixture of two different metal

. -'r',1 ;,.,.;,,ilri,.' i,, it,i,i:,,:t llIc11,'s trnclcr ccrti]in coltclitions.

(,,,; -ii.r..)i lilll .rr,ii-', r_t.,ri r,,tii ,ri,;rl .)[ silvcr salt fbr approxirlatcly three days

riiir',' t;liiii.ics cxtracellLrlarly.. Extrernophilic actinomycete.; i.i i,i

rl.'li"i;i.i5
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'j:'il.-...i-.iu'iLiil..;rgLrsVerticillir'rlnsp.therranoparticlescanbe

i . . t iilLr,il,.J:j i1 bitrliris.s colour from initial yellow to final brown, after

er ,: , ! , ri , i-\.i:ii iuciiclition ol'silvcr uanoparticlcs tbrrlation' Particles can be

\ :ijitiiiq rr'ith sgLne s11itable tletergent or ultrasonication' In a similar way, gold

,ll lrc 1;r'oriucccl r-tsing Verticillium sp. However, the colour of biomass is from

' ,:.,'ilriiti!:l ttpol.] th.: particlc' sizi.

Scr,rje.r...1ii,i.,. Liiriitirr.irticles tike CdS, ZrlS, PbS etc. can be produced using different

. . . ..,I.n,-'Lr;'luici.ti iliit i,,r'Ln 2-5 tltl ZnS nanopartiCles. Bacteria Klebsilla

.,., , : I ir) :rrrirtlleSizc L'.i:.j nlnoparticles. when cd(No3)2 is mixed in a

, ,'ir-, ,,i,i.i s.,.ittti,-,rl i:i ,;llal<et'l for about one day at -38 C, then the CdS

I ,iLri:t, - 5--10(i nllr (':in tle lbntlcd. CdS nanopafiicles with narow size

lir,iiti'-,-i;rcii risiri,l rhc ycasts likc caldida glabrata and

;, , itr'. :lii I ii lr,r I r' r L is pclss ible to synthesize I'bS by challenging

,, ,... ' :,lrlt iii..c i'lrNtl-i

(*; t.ir';.i1i..,. i .:i,ril::, i;iiitit extrilcts: lt has been reporled that live alfalfa plants are found to

,- lr., ii..):ti ,i.rli.i:, L-car cs ll'op gcrattit-ttl-t plant (pclargoniulrl

gr-:r,,,rr1.,isi i.rr'. i :ri:,r; ,,r,.:en uscci to synihcsizc nanoparticles of gold' Nanoparticles obtained

11siiill ,.,,iii..,,1,,i.,i,-iri-irrr :jp. Iruugus rclatccl to gcrauium plant has a wide distribution of sizes

au{.1 l)::r..,j1t,. r,,,,. lur.)stl\,spl"rcrical. On the other hand, geranium leaves produce rod and disk

shlrii.:ii ,ir-ilr..; , r:iir:1..s. :lynthcsis proceclure to obtain gold nanoparticles form geranium plant

i:i,i i,t.l l.:r,,,-'s li:..: lrrit in [:-rlcnnrcvcr llask and boilcd in watcr just for a

.i :t,.,.i ;ri1i,ilrli:..i rirluccllLrlill nratcrial. Soh-rtion is coolcd and decanted.

i,r.ir- I.i r.riyr-1,:iriis soliirion nncl nanopat'ticlcs of gold start fonning within a

,i,.,i,',-,tit!i'.- (ii':tt,,ltc n'tcntbrancs har,'e 10ng range periodic order in

. ,,ii,,,1;: ol ,,ii-tr' "r;,slitrrcnls. 
-l-herefbrc olt solre periodic itctive sites

, .. .i .r DNii. irreitibr';-iircs ctc., ils tcmplates. Such ordcred arrays are

r .r:'ii)1,' rlllirlie lit.,ii.; titiit tahc place between tile tetnplates and the

,,;iir,iril:i pr'o[cit'l

,,iil,ls. it is also

l,i ,,.,lir;:ii.,.'. It storcs iron in metabolic process and is

ur1;:rlrlc oi' lbnltiltg unilbrm three clintensional hierarchical



arcl,iL;c,,.,i... iiii'i'u rrr 2;l i)iotcill (peptides) subunits in a ferritin' which are arranged in

sr.ic:t li r' .iV r.i^.rl rii.i'it':lile il ct)iltfal cat"tty t.il

-6;,r;r. i.,iii,, i-'; riL rtoii irellliclc shcll is l2 urrr. Ferritin can accommodate 4500 Fe atoms' They

at,c iii l:,..i, iii.i.rc lrs irYclratccl iron oxiclc tIineral, ferrihydrite. The protein subunits are

c()ljIli)S.-i |; ii.riir:is\\,tril rs heavy cltains iraving dinuclear ferroxide centres' These centres

al.J clitii ,:ri, rlr;'ili liii'.r oritlrrriotl of ire2l iorls' The f-erritin without inorganic matter in its

I : 1., ll,', ltti.i .lr;i l': Ltscti to entrap desirecl nanomaterial inside the

1r...-]...:jL.],1.i]isit,fciil',tcironfiortlt-erritintofornrapof-erritinandthen

l.t, ,'r

it,....,:.]',i1.)1-rilill.lillltlltti.,ltitt.ticleslrlsidetlrecavityorcarryoutsome
Ctl,, .. ,, . ,' '., !1].-'lll1 ititls iil titliiii lt cotlpotind insicle tlre cavity' Inany case, ions

Cl:.,'.:,,1i..-..tiirl"itiilii'.lcrlitirl"tlrroLrglrsotrrcavailzrblcclrannels.
1. . ..i ' i|ir :;ilt:litril :.cctlttc buflur. shoLrlci be placed in dialysis bag. A

S.. .. iil,l] tilitl!.l',cilli. lrcitl is nlatlc irr ivhich dialysis bag is kept under

1i,,,,,.:il)r.ri;r'iitiir:i')itlrirrilsiloLrlclbecloneagainstsaiinetbronehourand
i,. , r.,, -,,')i, lr,urs. ,,.priie ,ririirg stroLrld thcn be lnixed lvith solution having

Sr, iii.i l,-ir.rs ilr\,.1r',rrVutethyl) rlethyl-2-aminoethanosr-rphonic acid

.,1.!..,l.lLLe i::i.iir-.i to llris sclluttotl ar-rd stirrccl continllously witlt

c()i,i:t:i,ri: .1,' ,1.ii i)1i'giiig. f'roccss ol ccis funnation is stepwise with cd loading of 55

3tr)i)'l:, i,;i':iir,.ir;..iiiri1 c.riioid ftLking place irt each step' Higher loading like 110'165' 220 ate

possrl;i.. i,.i-, rr) rrjllnfl(ably constallt size o1'ferritin colloids and apofelritin derived from

tir,-,r1" ir ,:; I .:.,ir.;it to t;bllitl l)itl)ol)ilrliclcs ulvery uniform size' BeSicles CdS there ae Several

oll .:; : .;rl ,,-'. l,,.:: it,,iii'oiic\i irott orii-ic' tnangancsc' uranyl oxide' cobalt' cobalt-platinum

ali.r.i ;i . 1,..,r :r ..r,, iiLlr.:sizecl irlsicle t'erritin. lt is possible to fabricate ordered arrays of ferritin

iIS \i',-rli ., ir;i ,rlil,\)ililfliclts insicle tilcttt'

: .. ...;,',r.".1 clrl.ill.:tl li:.il11pilftiCleS Cllll get bonded rvith phosphate group

r.:iiii,.-rl rr: r.ii.i : uL,rrr\,[)rlrticlcs. CiclS (or other sulf-idc) nanoparticles

.i-l'.,\,'(li-ll.lir:',ll0l.CLIlcSCal]cal)thesttrfhcesofnanoparticles

gt.o:\iir., iL, i,;l,.iL:iiriS. .'iiiuiLtrly olle cllll use DNA to bind with Surface of growing

" r ..,.,. ' -. tlt,,iblt 'iil'iilltlJ(i Sltltnotr spcrln DNA oanbc shearcdto anaverage

s,, . , -., ':.til)i tcctlrli' r'iili be acldcd to desired medium like water'

(:]..,l.,lilt]).ilirlirtC,'.atlcireactioncarrieclotttit-taglassflaskwith

i..'.11:-:.:rliri'i"'riLri''r)ilrcl'tgaslikcnitrogen'AclditronofDNAshould



c2(iin,Lri.i; iir.liit.. si)dillm chloride and DNA nanoparlicles of CclS with size less than -10 nm

cair i;.r .iil,,..... i;..iA probrbly bor,rls throLigh its negatively charged phosphate group to

po:; .1i, ! . , r,- ,.';'j ;'- 'J*) trailtlll:irticle :iilrllc;'
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