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DEPARTMENT OF Chemistry [P.G]

Value Added Course

Title: Introduction to Nano Chemistry

Name of the Lecturer : V.N.V. Kishore

Class : I M.Sc (Organic Chemistry)

Duration of the Course Thirty Days

VAC Code : CHEV1C1




Objectives:. Introduction to Nano Chemistry

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




A.G. & S.G. Siddhartha Degree College of Arts & Science
Vuyyuru-521165, Krishna District, Andhra Pradesh

Value Added Course

Title: Introduction to Nano Chemistry

Date: 02/08/2018 to 31/08/2018

S.NO Content Mod
ule
No

1 Introduction to Nano Chemistry I

Physicalmethods: (a)mechanical:ballmilling, meltmixing(b)Vapor:physicalvapordeposition,lasera I
blation,sputterdeposition,electricarcdeposition,ionimplantation.

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

4 Biologicalmethods:biomembranes,DNA,enzymes,microorganisms. v




A.G. & S.G. Siddhartha Degree College of Arts & Science
Vuyyuru-521165, Krishna District, Andhra Pradesh

Value Added Course

Title: Introdution to Nano Chemistry

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

Title: Introduction to Nano Chemistry

InertWater
Hard and brittle

1
2
3. Chemical vapor deposition
4. True

5.
6
7
8
9

Metal alkoxides

. CVvC
. €) Helium

Bulk -> Powder — > Nano-particles

. Colloidal dispersion

10. Carbon Nanotubes
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A.G. & S.G. Siddhartha Degree College of Arts & Science
Vuyyuru-521165, Krishna District, Andhra Pradesh

Department of Chemistry [P.G]

Value Added Course

Title: Introduction to Nanochemistry

Feed Back Form

Name of the Student:

Class and Roll Number:

Is the programme interested to you (Yes/No)
Have you attended all the session (Yes/No)
Is the content of the program is adequate (Yes/No)
Have the teacher covered the entire syllabus? (Yes/No)
Is the number of hours adequate? (Yes/No)
Do you have any suggestions for enhancing or reducing the (Yes/No)

number of weeks designed for the program?

On the whole, is the program useful in terms of enriching (Yes/No)
your knowledge?

Do you have any suggestions on the program? (Yes/No)




A.G. & S.G. Siddhartha Degree College of Arts & Science
Vuyyuru-521165, Krishna District, Andhra Pradesh

Value Added Course

Student Enrolment Sheet

Class: IM.Sc (Organic Chhemistry)

S. No Roll No. Name of the Student Signature 1
T TvisocHioz001 | AbdulRaneem | A Pl |
5 | YI80CH102002 A Vimsels A \/’ff\e‘f&ﬁ& J
5 | YI80CH102003 B. RaviTein |~ 0ol e e J

Y180CH102004 Ch.Deva Latha hw
4 (ach PR
5 | Y180CH102005 DDivya | T DWAES
6 | YI80CH102006 G. Sasi Kumar VallF NNy
7| YISOCHI02007 | GammaReo | ‘Grepmorofan
8 Y180CH102008 G.Anil G. Antl '
o | YI80CH102009 J. Sti Lekha .00 dedefo |
10 | Y180CH102010 1.D.B.Naik ——-R. Aok
11 Y180CH102011 J.Veeramma Y - \egmamma
12 | YI80CH102012 J Kavitha T toviitt o
13 | Y180CH102013 K Naga Sai . nlage S5
14 | Y180CH102014 K.Srikanth b ko (et
|15 [ Y180CH102015 K.Sowjanya

t of Chemusy

wna Dt A -

PRINCIPAL
AG & SG Siddhartha Degree College *
Arts8Science {Autonomous), Vuyyuru



A 35 L A U5 000

A.G. & S.G. Siddhartha Degree College of Arts & Science
Vuyyuru-521165, Krishna District, Andhra Pradesh

Department of Chemistry [P.G]
Value Added Course

Title: Introduction to Nano chemistry

Marks List

Class: I M.Sc (Organic Chemistry)

S. No Roll No. Name of the Student Marks
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Value Added OO:EE:GQ Attendance Register

AG & SG Siddhartha Degree Colle
Arts&Science (Autonomous),Vu
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Value Added Course / Certificate Course - Attendance Register

Class / Section: MSC Year:2018 Department of: PG Chemistry Paper: Lecturer: V.N.V Kishore
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Value Added Course 20 /
Title: Introduction to Nano Chemistry &

Test Exercise: ol
| AT - v
1. For milling operations, what kind of environment is preferred? _{ aes1 <o %

2. What kind of metals are used for milling operations? bﬁ«f’g\‘ an )?f;’HiQ

3. CVD stands for ﬁ(‘(,u_«g\;(iQ Ja K’}/W\/C(C; Pos e

4. Photolithography is a type of patterning technique. \Cca\ Y4

5. Typical precursor used in sol-gel are Qlkovﬂ‘ C&( y ) -

6. Particles of ZrO,, Y>0, and Nano whiskers hav,e/geen produced by ¢ \///r

7. Which gas serves as buffer gas in Laser ablation? (/(C" (ﬁ;‘(/yﬁf/

8. What’s the procedure in Top-down fabrication method? /e ‘C > f%w?v( ey ;/f:l;ne /%m /)( /ps*
9. What is an example of Bottom Up approach? (el [ H(w:(//wg ’/7;“6,8 faq :

10. CNTs stands for o | /u)oe{g' o
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Value Added Course '

Title: Introduction to Nano chemistry

S

Test Exercise: i

1. For milling operations, what kind of environment is preferred? Tﬁf'aJme ey

9. What kind of metals are used for milling operations? o d C}V\A M
3. CVD stands for __ ¢ ,Uzmg\'('o\\. \/C\VOL{’"" (.\C Wl QW/

4. Photolithography is a type of patterning technique. Fau / o

J , /"//
5. Typical precursor used in sol-gel are A (f’-vq/ a|few /5{/

o
—

6. Particles of ZrO,, Y20, and Nano whiskers have been produced by Ay V/"’/

7. Which gas serves as buffer gas in Laser ablation? (¢ / u ”/ -

" K
8. What’s the procedure in Top-down fabrication method? fZecc( /(' - ‘OMUJ e (A oo (s / v /F’S

9. What is an example of Bottom Up approach?  fn, ber Norne o %ﬁ — collel g&q( 4

10. CNTs stands for Calnen no ft\j;/// /
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A.G. & S.G. Siddhartha Degree College of Arts & Science
Vuyyuru-5211635, Krishna District, Andhra Pradesh

Department of Chemistry

Value Added Course

Title: Introduction to Nano Chemistry

Feed Back Form

Name of the Student: é[ . Ar\ﬂ
Class and Roll Number: 5M$C (c-,ktm'mhrz) <ﬁ \/ [ 80(}‘? 10D200%

_—
. Is the programme interested to you (Yes/No)
e

Have you attended all the session (Yes/No)
Is the content of the program is adequate (Yes/No)
Have the teacher covered the entire syllabus? (Yes/No)

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

v

Do you have any suggestions for enhancing or reducing the (Yes/No)
number of weeks designed for the program?

On the whole, is the program useful in terms of enriching (Yes/No)
your knowledge?

///

Do you have any suggestions on the program? (Yes/No)



A.G. & S.G. Siddhartha Degree College of Arts & Science
Vuyyuru-521165, Krishna District, Andhra Pradesh

Department of Chemistry [p G

Value Added Course

Title: Introduction to NanoChemisty

Feed Back Form

Name of the Student: 6 . Amma Kap
Class and Roll Number: T NM)sp (f/hfm}*_g}wg \/] BOCH 10 200 7

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

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

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

/

Have the teacher covered the entire syllabus? (Yes/No)
2

[s the number of hours adequate? (Yes/No)

/

Do you have any suggestions for enhancing or reducing the (Yes/No)
number of weeks designed for the program?

On the whole, is the program useful in terms of enriching (Yes/No)
your knowledge?

i

Do you have any suggestions on the program? (Yes/No)
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Syuatuesis vl Nunomaierials

§n Ui
Many techi ooy are available 1o synthesize different types of nanomaterials in the form of

COLOL, Chuters, powders, tubes, rods, wires, thin films, etc. Various physical, chemical,
vicivzical, cod hybrid techniques arc available to synthesize nanomaterials. The technique to
be ased desinds upon the material of interest, type of nanostructure viz., zero-dimensional,
Onv-uinienscnnd, or two-dimensional material size, quantity, etc.

il s diadss (w) mechianical: ball milling, melt mixing

(b vapors o ysical vapor deposition, laser ablation, sputter deposition, electric arc
deposition. i implantation

Clhewdeat wacciods: colloids, sol-gel, L-B films, inverse micelles.

Bioluzienl wocinods: biomembrancs, DNA, enzymes, microorganisms.




Pi I uicihiods

(@) Bul Lrdiiing: [UIs used in making of nanoparticles of some metals and alloys in the form
of powder. Usuully the mill contains one or more containers are used at a time to make fine
pal Siow ol container depends upon the quantity of interest. Hardened steel or tungsten
caroide bulis wie put n contuiners along with powder or flakes (<50 um) of a material of
Intorest bniual material can be of arbitrary size and shape. Container is closed with tight
lids. the contuiners are rotated at high speed (a few hundreds of rpm) around their own
axus. Addinonally they may rotate around some central axis and are therefore called as
pla Shoomll? When the containers are rotating around the central axis, the material is
fo o e wdls and s pressed against the walls. But due to the motion of the containers
arcand e own axis, the material is forced to other region of the container. By controlling
the s peed ol rotation of the central axis and container as well as duration of milling, it is
possibie o vround the material (o fine powder whose size can be quite uniform. Some of the
ncerinds e Co O WO NISTIL Al Fe, Ag-Fe etce. are made nanocrystalline using ball mill.
Lo ced tormilling: produce smaller grain size and larger defects in the particles.
Theprocess iy add some impurities from balls. The container may be filled with air or
et vas dowever, this can be an additional source of impurity. A temperature rise in the
ran2e ol Tuu o HI00 C s expected to take place during the collisions. Cryo-cooling is used
to ipate e venerated heat.

s wnorshous solid, lacking long range periodic arrangement as well as symmetry
artecnens ol atoms molecules. When a liquid is cooled below certain temperature, it forms
either w crystulline or amorphous solid (glass). Nuclei are formed spontaneously with
hoiiosenons (i the melt) or inhomogencous (on the surface of other materials) nucleation,
Wihocean oo o tormeordered, erystalline solid. Usually, metals form crystalline solids but,
I eouied atvery high cooling rate, they can form amorphous solids. Such solids are known as
meailic eluses Bven in such cases the atoms try to reorganize themselves into crystalline
50! Addicon of elements like B, P, Si ete. helps to keep themetallic glasses in amorphous
Stiie saible o form nanocrystals within metallic glasses. It is also possible to form
SO wles by mixing the molten streams of metals at high velocity with turbulence.
On vixing woroughly, nanopurticles are formed.

Module-I1

eltdidug: [ possible to form or arrest the nanoparticles in glass. Structurally, glass
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“eysici vapor Depositivu: [t involves material for evaporation, an inert gas or reactive

ol material vapor, a cold finger on which clusters or nanoparticles can

v, oseruper Lo serape the nanoparticles and piston- anvil (an arrangement in which

ctcle powder can be compacted). All the processes are carried out in a vacuum

Lthe desired purity of the end product can be obtained.

vapor pressure metal oxides are evaporated or sublimated from filaments or

vty mectals like W, Ta, Mo in which materials to be evaporated are held. Size,

Clisters

the phase ol” evaporated material can depend upon the gas pressure in

unber. Clusters ornanoparticles condensed on the cold finger (water or liquid

- can be seraped ofl inside the vacuum system. The process of evaporation

voieans be repeated several times until enough quantity of material falls

- arwhich a piston-anvil arrangement has been provided.

twster Beam beposition: It is useful to obtain adherent and high quality single

{ihns. The sct up consists of a source of evaporation, a nozzle through
wnexpand o the chamber, an electron beam to ionize the clusters, an

aceelerate the clusters and a substrate on which nanoparticle film can be

iwoused ina suitable vacuum chamber. Small clusters from molten material are

2l the fine nozzle. The vapor pressure, ~10 torr to 10-2 torr needs to be

wuree and the nozzle needs to have a diameter larger than the mean free path

weeudes inovapor form in the source to form the clusters. On collision with

clusters: get 1onized. Duce to applied accelerating voltage, the clusters are

- Ui substrate. By controlling the accelerating voltage, it is possible to control
swhich the clusiers hit the substrate. Thus it is possible to obtain the films of

aaaterial using jonized cluster beam.

cization: In this method, vaporization of the material is effected using pulses

gl power: The set up is a ultra high vacuum or high vacuum system

U ert orreactive gas introduction facility, laser beam, solid target and cooled

ol any muterial of which solid target can be made are possible to
dly laser giving UV wavelength such as excimer laser is necessary because
ke IR or visible are often reflected by some of the metal surface. A

Lluser evaporates the atoms from a solid source, atoms collide with nert gas




and

v gases) and cool on them forming clusters. They condense on the cooled

Lothod is often known as laser ablation. Gas pressure is very critical in

1 g 1

purticle size and distribution. Simultaneous evaporation of another material

Lwo evaporated materials in inert gas leads to the formation of alloys or

ivsis or Laser Assisted Depositon: Here a mixture of reactant gases is
1w a powerful luser beam in presence of some inert gas like helium or argon.
tlos of decomposed reactant gases collide with inert gas atoms and interact

cr, urow and arc then get deposited on cooled substrate. Many materials like

{14 ete. are synthesized innanocrystalline form by this method. Here too, gas

P

important role in deciding the particle size and their distribution.

Usition: In sputter deposition, some inert gas ions like Ar are incident on

04 energy. The ions become neutral at the surface but due to their energy,

get implanted, get bounded back, create collision cascades in target
ome of the wtoms in the target creating vacancies, interstitials and other
e adsorbents. create photons while loosing energy to target atoms or even

target atowns/molecules, clusters, ions and secondary electrons. Sputter

idely used thin film deposition technique, specially to obtain stoichiometric

«wuet material. Target material may be some alloy, ceramic or compound. It

chnique to deposit multilayer films for mirrors or magnetic films for

wions. Sputier deposition can be carried out using Direct Current (DC)
. Frequency (KEF) sputtering or magnetron sputtering. In all these methods,
Lue or plasma of some mert gas atoms or reactive gases. The deposition is
cquired gas pressurized high vacuum or ultra high vacuum system equipped

Jne of which is a sputter target and the other is a substrate, gas introduction

he target is held at high negative voltage and substrate may be at positive,

polential. Substrates may be simultancously heated or cooled depending

nent, Once the required base pressure is attained in the vacuum system,

Cintroduced at alow pressure. A visible glow is observed and current flows

1 cathode indicuting thedeposition onset. When sufficiently high voltage is

et with o was in it a elow discharge is set up with different




paricle
pressiiy
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¢ glow, Crooke’s dark space, negative glow, Faraday dark space, positive

lark space and anode glow. These regions are the result of plasma. Plasma

il

P

e

. clectrons. ions and photons. Plasma 1s overall neutral but therecan be
- predominantly of positive or negative charge. The density of various

length over which they are spread and distributed depends upon the gas

o]

30 Mz frequency is used and the electrodes can be insulating. However,

L

~ommonly used frequency for deposition. Target itself biases to negative

cathode.

“ring efficicncy can be further increased using magnetic field. When both
‘i fields uet simultaneously on a charged particle, force is acted upon it.

. alielical path and is able to lonize more atoms in the gas. In practice,

| rmagnetic ficlds to the direction of electric field are used to further increase

e gas, increusing the efficiency of sputtering. By introducing gases like

L 128 ete. while metal targets are sputtered, one can obtain metal oxides

~curbides ote.. This is known as reactive sputtering.

sity can be further enhanced using microwave frequency and coupling the

ncy of electrons in magnetic field. Ionization density using Electron

pance plasma is about 2-3 orders of magnitude larger. Thin films and

903, SiN. GaN cle. have been obtained using this technique.

. sour Deposition (CVD): It is a hybrid method using chemicals in vapour

process can be considered as a transport of reactant vapour or reactant gas

sLute kept at some high temperature where the reactant cracks into different

L Tuse on the surface, undergo some chemical reaction at appropriate site,

1o form the desired material film. The by-products created on the substrate

Lrted back to the gascous phase removing them from the substrate. Vapours

| tay be often pumped into reaction chamber using some carrier gas. In

«.ctions may oceur through aerosol formation in gas phase. There are various

reduction of gas, chemical reaction between different source gases,

T — A ITmcrravrar 1+ 1e
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- reaction oceurs at the substrate rather than in the gas phase. Usually
00 to 1200 C s used at the substrate. There are two ways viz., hot wall and
o0 substrates are heated. In hot wall set up the deposition can take place even

his is avoided in cold wall design. Besides this, the reaction can take place

hohotwall desivniwhich is suppressed in cold wall set up. Further, coupling
“emical reaction in cold wall set up is feasible. Usually gas pressures in the
10 1.0 torr are used. Growth rate and film quality depend upon the gas
ubstrate temperature. When the growth takes place at low temperature, it is
netics of surface tension.

sed inindustry because of relatively simple instrumentation, ease of

ity of depositing dificrent types of materials and economic viability.
leposition conditions nanocrystalline films or single crystalline films are

- many variants of CVD like metallo organic CVD (MOCVD), atomic

). vapor phase epitaxy (VPE), plasma enhanced CVD (PECVD) etc. They

s pressure, geometrical layout, temperature used etc.

o Ueposition: This is one of the simplest and useful methods, which leads to

des (o strike an are between them. The positive electrode itself acts as the

[ some catalyst are (o be used, there can be some additional thermal
‘Lton. Inert was or reactive gas introduction is necessary. Usually the gap
ctrodes is ~Imm and high current ~50 to 100 amperes is passed from a low
Goply (=12-15 volts). Inert gas pressure is maintained in the vacuum system.
- up, anode muaterial evaporates. This is possible as along as the discharge

; striking the are between the two graphiteelectrodes, it is possible to get
juantity. In case of fullerenes, the formation occurs at low helium pressure

1 used for nanotube formation. Also, fullerenes are obtained by purification

L lrom inner walls of vacuum chamber, whereas nanotubes are found to be

. hioh He gas pressure and in the central portion of the cathode. No carbon

Lund on the chamber walls

Lo In this method high energy (few keV to hundereds of keV) or low
| lolts dare used to obtain nanoparticles. Ions of interest are usually formed

pecially designed to produce metal ions, which are accelerated to high or
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wds the substrate heated to few hundered of C. Depending upon the energy f

various other processes like sputtering and generation of electromagnetic

- place. It is possible to obtain single element nanoparticles or compounds

o than onc clement. In soime experiments it has been possible to even obtain

using 1on unplantation. There is possibility of making nanoparticles

i

wons (few MeV energy) employing ion accelerators like a pelletron.

senan epitaxy (ViBE): This technique of deposition can be used to deposit

dpound quantum dots, quantum wells, quantum wires in a very controlled

v olpurity inmaterials is achievable using ultra high vacuum (better than

wees ol deposition known as Kundsen cell (K-cell) or effusion cell are

tnolecular beams of the constituent elements. The rate of deposition is

i substrate temperature s ratherhigh in order to achieve sufficient mobility

|

i the substrate and layer by layer growth to obtain nanostructures.

vavoparticies cun be made by decomposing solids at high temperature

5. and molecular anions or metal organic compounds. The process is

s or example, small lithium particles can be made by decomposing lithium

s
Chdteriat 18

placed inan evacuated quartz tube and heated to 400 C. At but

nposes, releasing N2 gas, which is observed by an increase in the pressure

cues dnafew minutes the pressure drops back to its original low value,
ne N2 has been removed. The remaining lithium atoms coalesce to form

clab particles. Particles less than Snm can be made by this method.

be achieved by introducing an appropriate gas.

sethods Pulsed lasers have been used in the synthesis of nanoparticles of

s solution and a reducing agent are flowed through a blenderlike device.

o ds asolid disk.which rotates in the solution. The solid disk is subjected to

v beam ereating hot spots on the surface of the disk. Silver nitrate and the

tthese hot spots, resulting in the formation of small silver particles,

wparated fromy the solution using a centrifuge. The size of particles is

werey olithe Tuser and rotation speed of the disk. This method is capable of

v Lo,
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(Wet Cheinical route)

lvantages ol using chemical methods, which are —

Lstrumentation compared to many physical methods

350 C) synthesis

\toms (ions) possible during synthesis

LUl

shapes are possible

“olioids in solutions: A class of materials in which two or more phases

o same or different materials co-exist with at least one dimension less

=

Lo

cnown us colloids. Colloids may be particles, plates, or fibers.

ub-class of colloids, in which one of the dimensions of colloids is in

runge. Colloids are the particles suspended in some host matrix.

lu
JINED

HRiLly

S

necessary o understand the stability of colloids i.e., how the colloids

it

S 8

51

are particles with large surface to volume ratio. Therefore atoms on the

reactive state, which easily interact to form bigger particles or tend to

1 can remain suspended particles. In general there are a number of

There are Lwo types of interactions: attractive and repulsive. Repulsive

(ort distance of Born repulsive interaction and long range attractive

“r Waals attraction. Repulsive part arises due to repulsion between electron

11 and attractive part is due to interaction between fluctuating or permanent

olecules. The attractive forces between colloidal particles reduced in

sedium, Colloids in liquid may be positively charged, negatively

el But in most cases they are charged. As there are some charges on

“upposite charges accumulate around them. Oppositely charged ions are

O

s,

IROL B Y

This accumulation of counter ions leads to formation of an electric
of colloids can be increased by stearic hinderance or repulsion. By

of o differcit material on colloidal particles eg. polymer it is possible

ve torces between them..

T T = ST SR B SR, e . ] T o
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For exui

Lize. Glass reactor usually has a provision to introduce some precursors,
peasure temperature, pH ete. during the reaction. It is usually possible to
‘s a0 suituble time intervals. Reaction is usually carried out under inert

Argon or nitrogen gas so as to avoid any uncontrolled oxidation of the

1

s also provision made to stir the reactants during the reaction by using

agnete needle.

| synthesis ot nanoparticles is a complex process, by understanding how
srowth of particles takes place, it is possible to control the various steps and

nonodispersed nanoparticles. This can be done with the help of LaMer

weop on increasing the concentration of the reactants in the solution, at
o, say CO, the formation of nuclei begins. There is no precipitate at this

‘e increase in concentration increases nuclei formation up to a

' wbove which there is ‘super saturation’ between CN and CS.

| denotes the maximum rate of nuclei formation. When nuclei formation
» e minimuin concentration for nucleation is reached. No new nuclei can
rystal growth reduces the concentration. At this concentration CS, an

ined 1 new nucled are formed during the growth of particles, particle with

Cution are obtained. Therefore it is very important that concentration of

Jusion to dissolve species be adjusted properly in order that no fresh nuclei

~oncentration ol solute and itsdiffusion to dissolve species be adjusted
Uiat o fresh nuclei are formed once the concentration has reached CN.
Lon at the expense of smaller particles. Larger particles are more stable
cxpense of smaller particles. This growth mode is known as Ostwald

ne force for large particles is the reduction in surface free energy.

Jnoparticles are often synthesized by reduction of some metal salt or acid.

iy stable gold particles can be obtained by reducing choloroauric acid

i citrate (Na3C6H507). The reaction takes place as follows —

11507 Au+ ~C6H50- + HCI + 3NaCl. ,

ried by nucleation and condensation. They grow bigger in size by reduction

© . the surface. These atoms are stabilized by oppositely charged citrate

oparticles exhibit intense red, magenta etc., colours, depending upon the

| nunoparticles are stabilized by repulsive Coulomb interaction. It is also




7 vold nanoparticles using thiol or some other capping molecules. In a
i palladium, copper and other metal nanoparticles can be synthesized

cecursors, temperature, pH, duration of synthesis etc., Particle size, size

hupe strongly depend on the reaction parameters and can be controlled to

Csults. Itis also possible o synthesize alloy nanoparticles using appropriate

lictor nanoparticles can be synthesized by wet chemical route using

Sulphide semiconductors like CdS and ZnS can be synthesized easily by

. co-precipitation. For example to obtain ZnS nanoparticles any zinc salt like

SO, zinechloride (ZnCl12) can be dissolved in aqeous (or nonageous) liquid

1o the solution. Following simple reaction results to give particles of ZnS.

AN (']
2NaCl

articles one can use following reactions:

Zn(OH)2 4 2NaClZn(OH)2  ZnO + H20
11 be obtained using appropriate selenium giving salt. However, all these
o be surface passivated as colloids formed in liquids have a tendency to
uo Lo attractive forces cxisting between them. The electrostatic and other

Lol be suflicient o keep them apart. However, stearic hindrance can be

priately coating the particles to keep them apart. This is often known as

" and has become a widely used method in the synthesis of nanoparticles.

(iis chemical route is that. onecan get stable particles of variety of aterials

i1

i, but even after drying off the liquid. Coatings may be part of post-
Lol the synthesis reactions to obtain nanoparticles. If it is a part of the
the concentration of capping molecules can be used in two ways, to
L us to protect the particles from coagulation. Chemical capping can be

o low temperature depending on the reactants. In high temperature
anometallic reactunts  are  injected in  some solvent like

¢ held at temperature

cdeett (L-B) method: This technique to transfer organic layers at air-liquid

1 substrates is known for nearly 70 years. The technique was developed by

i and Blodgett. In this technique one uses amphiphilic long chain

&




maice

¢ that in fatty acids. An amphiphilic molecule has a hydrophilic group (water

0.2 ondound a hydrophobic group (water hating) at the other end. As an example

of arachidic acid, which ahs a chemical formula [CH3(CH2)16

[ v many such long chain organic chains with general chemical formula
2 nCOOH], where 1 is a positive integer. In this case, -CH3 is hydrophobic and

i

s liydrophilic in nature.
Jolecules with n>14 are candidates to form L-B films. This is necessary in order to

Groshobic and hydrophilic ends well separated from each other. When such

vater. the molecules spread themselves on surface of water in such a

vdrophilic ends, often called as heads, are immersed in water, whereas the

e eads called as tails remain in air. They are also surface active agents Or

s urclunts are amphiphilic molecules i.e. anorganic chain molecule in which at

et 1o potar, hydrophilic (water loving) and at the other a nonpolar, hydrophobic
) oroup of atoms. Using a ovable barrier, it is possible to compress these

close together to form a monolayer and align the tails. It is however

¢ that hydrophilic and hydrophobic ends are well separated. Such a monolayer is two

a0ty rdered and can be transferred on some suitable solid substrates like glass,

one by dipping the solid substrate in the liquid, in which ordered

Lolectinr monolayer is already formed.

L f B s is done by following steps: (1) A monolayer of amphiphilic

pped in the liquid (3) The substrate is pulled out, during which ordered

oot viached to the substrate (4) When the substrate is again dipped, molecules

- the substrate forming a second layer on the substrate (5) As the

. vgci pulled out a thin layer gets deposited. By repeating the procedure large
cdeved tayers can be transformed on a substrate.

o three types of L-B films with different multilayer sequence. These are

nd 7 type. (1) X-type: Deposition only during insertion of substrate (2)Y-

oo both the times except no deposition during first immersion (3) Z-type:

0 oal e removal of substrate. Y type of films are most common. Although the

L Grderod. there is only the van der Waals interaction between different layers. Thus
e oood examples of nanostructured materials.

Lible 1o obtain nanoparticles using L-B technique. A metal salt like CdClI2 or

1 water on surface of which a compressed uniform monolayer of




suriuctou is spread. When H2S gas is passed in the solution, CdS or ZnS nanoparticles of
fow ter: ol nanometers can be formed. Particles are uniform in size. If surfactants are not
presei. uitiiuni nanoparticles are not formed.

corpononts ‘sol”and gel’. There are several advantages of sol-gel: All sol-gel formation
process is usuatly a low temperature process. This means less energy consumption and less
pol e of the benefits like getting unique materials such as aerogels, zeolites,
ordared otoas wolids by organic-inorganic hybridization are unique to sol-gel process. It is
als S oonihiesize nanoparticles, nanorods,nanotubes etc., using sol-gel technique.

S¢ Lcles in a liquid. They are thus a subclass of colloids. Gels are nothing but a
continnuus network of particles with pores filled with liquid (or polymers containing liquid).
A sol-tol process volves formation of ‘sols’in a liquid and then connecting the sol particles
(0r 8ot 0 suouni cupable of forming a porous network) to form a network. By drying the
lig (¢ o obtain powders, thin iilms or even monolithic solid.

Syitheis o1 sei-gel in general involves hydrolysis of precursors, condensation followed by
polycondetation to form particles, gelation and drying process by various routes. Precursors

Cr o Choaionts) are 1o be chosen so that they have a tendency to form gels. Both alkoxides

or Lo used. Alkoxides have a general formula M(ROH)n, where M is a
cation. 4 an advonol group, and n is the number of (ROH) groups with each cation. Salts are
der ol s owhich M s a cation and X is an anion. Although it is not mandatory that
only viides e furmed by a sol-gel process, often oxide ceramics are best synthesized by a
sol-uc! coute, For example in silica, S104 group with Si at the centre and four oxygen atoms
at “trahedron arve very ideal for forming sols with interconnectivity through the
corners ob weimiedrons, crealing some cavities or pores. By polycodensation process (i.¢.,
many yvadrolyzed units coming together by removal of some atoms from small molecules
like Oy sols wre nucleated and ultimately solgel is formed. Sol-gel method is particularly
us . Coramics oF metal oxides although sulphides, borides and nitrides also
arce p

i e ncod. Advantage of this method is the biocompatibility and biodegradability

00 woohods As the name implies sol-gel involves two types of materials or

i+ Synthesis of nanoparticles in the cavities produced in microemulsion is
fials. Biocompatability is useful in drug delivery of nanomaterials and

leowoaliits is o environmentally uscful.  Whenever  two immiscible liquids are




ated or stirred together, they are known to form what is called ‘emulsion’.
ced droplets or layers so that they are all separated from the rest of the liquid

oplets of fat in milk). The droplet sizes in emulsion are usually larger than

Le droplets are in the range of ~1 to 100 nm. This is size needed for the
aterials. Microemulsions are stabilized using surfactants (surface stabilized

hen an organic liquid or oil (O), water (W) and surfactant (T) are mixed

Ui concentration of water and organic liquid. Micelles are formed with

oo have Co(AOT)2 ic., cobalt bis (2-cthylhexyl) sulfosuccinate and the

sis thut cobalt nanoparticles are formed.

> liquids is such that the liquid is smaller quantity tries to form small

illimeters. Emulsions are usually turbid in appearance. On the other

her class of immiscible liquids, known as microemulsions which are

criticnl concentration, ‘micelles’ or inverse micelles are formed,

Cveree micelles are formed in excess of organic liquid or oil. The ratio of
Letant is important to decide which type of micelle will be formed and
A ternary phase diagram, using a triangle. Composition can be

Jinu lines parallel to all three sides of the triangle. A modified phase

\nsor Diagram” also can be constructed for finer details. The critical
L (CMC) dependsupon all W, O and T concentrations. Effect of T is to
nsion of water dramaticallybelow CMC and remain constant above it, as

“oncentration is kept on increasing. There are four types of surfactants in

¢ Anionic: eg. R-SO3-Nat

H2-0)20-H

anoparticles of (metals, semiconductors and insulators) cobalt, copper,
708 ote, have been synthesized using microemulsions or inverse

Cof cobalt nunoparticles — A reverse miceller solution of water and
using o monlayer of surfactant like sodium bis (2-ethylhexyl)
No(AOT). The droplet diameter is controlled simply by controlling the

micellar solutions having same diameter of droplets can be formed.

sodium tetrahydroborate (NaBH4). When two solutions aremixed together

ar but the color changes from pink to black. One can find by electron

o
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Llethods: Scveral types of reducing agents can be used to produce

NaBE3H, LiBEGH, and NaBH4 where Et denotes ethyl (-C2HS)

. nanoparticles of molybdenum (Mo) can be reduced in toluene solution

wom temperature, providing a high yield of Mo nanoparticles having

Jum have been made by decomposing Me2EtNAIH3 in toluene and
105 C for 2 h (Me is methyl, -CH3). Titanium isopropoxide is added

Claniunt acts as a catalyst for the reaction. The choice of catalyst

of the particles produced. For instance, 80 nm particles have been made

surfactant such as oleic acid can be added to the solution to coat the
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terials using biological ingredients can be roughly divided into

ke DNA, membrancs, viruses

wieroorganisiis: Microorganisms are capable of interacting with

v contact with them through their cells and form nanoparticles. Different

(J¢
1 2el

|

microorganism interactions are: (i) Some microorganisms produce

H25)0 It can oxidize organic matter forming sulphate, which in turn acts

‘plor for metabolism. This H2S can, in presence of metal salt, convert
dphide, which deposits extracellulary. (ii) In some cases, metal ions

ter the cell, The metal ions are thenconverted into a nontoxic form and

teins un order to protect the remainder of cell from toxic environment. (iii)

nismsoare capable  of  secreting  some  polymeric  materials  like

ey have some phosphate, hydroxyl and carboxyl anionic groups which

o and bind extracellularly (iv) cells are also capable of reacting with

¢ processes like oxidation, reduction, methylation, demethylation etc.

Ag259 baterta are found in silver mines and are capable of

Cnside or outside of their cells walls. Using this fact these bacterial strains

high concentration of silver salt like AgNO3. Numerous silver

ditferent shapes can be produced having size <200 nm intracellularly.

15 ol metal ons (Aut, Agt ete.) can be converted to metal nanoparticles by

wsent i butter milk. By exposing the mixture of two different metal
s ndeed possible 1o obtain alloys under certain conditions.
chalienged with gold or silver salt for approximately three days

silver  particles  extracellularly..  Extremophilic  actinomycete

& sp. produces gold nanoparticles extracellularly.
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is treated with fungus Verticillium sp. the nanoparticles can be

N

Hulurly. Changes in biomass colour from initial yellow to final brown, after

<l is a visual indication of silver nanoparticles formation. Particles can be

hing with some suitable detergent or ultrasonication. In a similar way, gold

' be produced using Verticillium sp. However, the colour of biomass is from

ding upon the particle size.

wnoparticles like CdS, ZnS, PbS ete. can be produced using different

osulobacteriaceae can furm 2-5 nm ZnS nanoparticles. Bacteria Klebsilla

. be used to synthesize CdS nanoparticles. When Cd(NO3)2 is mixed in a

0 bacteria and solution is shaked for about one day at ~38 C, then the CdS

s size range ~5-200 nm cun be formed. CdS nanoparticles with narrow size
be  synthesized using  the  yeasts  like Candida glabrata and

ombe. Similarly it is possible to synthesize PbS by challenging

qth lead salt like PONO3.

Gue plant extracts: 1t has been reported that live alfalfa plants are found to

1

dicles from solids. Leaves from  geranium  plant (pelargonium
Cbeen used Lo synthesize nanoparticles of gold. Nanoparticles obtained

i sp. Fungus related to geranium plant has a wide distribution of sizes

- mostly spherical. On the other hand, geranium leaves produce rod and disk

‘cles. Synthesis procedure to obtain gold nanoparticles form geranium plant

1y erushied lTeaves are put in Erlenmeyer flask and boiled in water just for a

Lotred and cells release intracellular material. Solution is cooled and decanted.

ed o HAUCH aqueous solution and nanoparticles of gold start forming within a

- DNA, S-layers or sume membranes have long range periodic order in

wlecular groups of their constituents. Therefore on some periodic active sites

o5 can be anchored. Alternatively, using certain protocols nanoparticles

Jized using DNA, membranes etc., as templates. Such ordered arrays are

Of various interactions that take place between the templates and the

brolein of nanosize. It stores iron in metabolic process and is

U is also capable of forming uniform three dimensional hierarchical




architcchiure. There are 24 protein (peptides) subunits in a ferritin, which are arranged in
such a iy that they ereate a central ca iy ol

~Gnn. Loanwter of polypeptide shell is 12 nim. Ferritin can accommodate 4500 Fe atoms. They
are iu o3+ stute as hydrated iron oxide mineral, ferrihydrite. The protein subunits are
composad ui tight aswell as heavy chains having dinuclear ferroxide centres. These centres
are calaivsts tor in vioo oxidation of Fe2+ ions. The ferritin without inorganic matter in its
cavity o as apolerritin and can be used to entrap desired nanomaterial inside the
protein cuge. heretore, first step '« (0 remove iron from ferritin to form apoferritin and then

introduce mictal ions to form metal nanoparticles inside the cavity or carry out some

controlled reaction with metal ions to make a compound inside the cavity. Inany case, ions
can be romovad or introduced inside the ferritin, through some available channels.

Horse $oleen rerritin . diluted with sodium acetate buffer, should be placed in dialysis bag. A
solution of sl aectate and thioglycolic acid is made in which dialysis bag is kept under
nitrogen 2 L0~ 3hours. Solution needs to be replaced from time to time for total 4-5
hours. Furthior dialysis of apoferritin solution should be done against saline for one hour and
iy velreshed saline for ~13-20 hours. Apoferriting should then be mixed with solution having

w
-

and N-tris (hydroxymethyl) methyl-2-aminoethanosuphonic acid

(TES). queous cadimium acelate is added to this solution and stirred continuously with
constant NI wuas purging, Process of Cd> formation is stepwise with Cd loading of 55
atoms por apulviritin colloid taking place in cach step. Higher loading like 110,165, 220 are
possible. Duv to remarkably constant size of ferritin colloids and apoferritin derived from
them, it is pussible o obtain nunoparticles of very uniform size. Besides CdS there ae several
other ooinoies Hke convolled iron oxide, mangancse, uranyl oxide, cobalt, cobalt-platinum
alloy cte,, bzine synthesized inside fervitin. 1t is possible to fabricate ordered arrays of ferritin
as well us of sanoparticles inside them.

DNA o Lo oed for prelormed charged nanoparticles can get bonded with phosphate group

of DNALnd . torm organized arrays of nanoparticles. CdS (or other sulfide) nanoparticles
can be syniwsized using DNA. Organic nolecules can cap the surfaces of nanoparticles
growing in sututions. Similarly one can use DNA to bind with surface of growing

nanoparticies. ur example, double stranded Salmon sperm DNA can be sheared to an average

size ol SUU bp. Cadmium acetate can be added to desired medium like water,
dimedn itonanide, ethanol, propanoi ete., and reaction carried out in a glass flask with
facility 1o pu.vo the solution and flow withun inert gas like nitrogen. Addition of DNAshould

e p—— P D T 0, S




codium chloride anc

{ DNA nanoparticles of CdS with size less than ~10 nm
1NA probably bond

i

s througl

1 its negatively charged phosphate group to
odiUdt) nanopa
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