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Silicon makes up
25.7% of the earth's
crust by weight, and is

the second most




PHOTONIG MATERIALS

1eaching Slcon new icks

Atomic-scale engneerng tumsssliconinto amatenial nwhich

electronics and photonics can be merged, thusleadingto
microphotonicintegratad crcuts,

ALBEHT POLMAN ot FOM-nsittefor Mo materialfor photonicapplications because tisan

and oo Pysic, Kisaan 407, 1098, Amsterdan inefticient light emitter. But ina modern optical
The Netherlands, el poima@anof communications network, inwhich data isencoded and

transported in steeams of coloured bits of ight, light must



leaching silicon new tricks

BAHRAM JALALI

is at the University of California, Los Angeles, Department of Electrical Engineering, Los Angeles, California 90095-1594, USA.
g-mail: Jalali@ucla.edu

Arguably the most important element for the electronics industry, siicon is now being given a new
lease of life in the world of photonics.
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TOPICAL REVIEW

Will silicon be the photonic material of the third

millenium?*

L Pavesi

INFM and Dipartimento di Fisica, Universita’ di Trento, Via Sommarive 14,
38050-Povo Trento, ltaly

E-mail: pavesi @science.unitn.it




Silicon nanocrystals Er doped Silicon nanocrystals
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What is Nanotechnology?

MNanotechnology is the purposeful engineering of matter at scales
between 1-100 nm to achieve size-dependent properties and functions.







Cu/Cr Nanolayers

Future Materials
inate

Cu-Nb wire

Cu-Ag wire

Reducing _ Current
Scale Engineering
Materials

Toughness or Ductility









+ #%
% *&

6 6!11$$

100

80

60

40 -

“] Surface Atoms

% of Atoms in Bulk/on Surface

Particle Size(nm)




Melting Point of Gold Particles
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Parameters are not solely intrinsic but dependent on grain size, domain
state, stresses and temperature
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Nanomaterials in Gatalysis

AP-MgO
(a) ~4 nm—-—é
% CP-MgO 1
(b) =100 nm-
' CM-MgO
( ) 100 nm
Cc i
.:—100 nm—i

Models of (a) nanocrystalline (AP-MgQ); (b) microcrystalline (CP- MEO)

(¢) normal commercially available (CM-MgQO) magnesium oxide crystals. Reprinted ‘:’1; |
|
i |

permission from Clusters & Nanostructure Interfaces, 1999, p. 578, World Sciet
Publishing Co Pte L4d.10
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Quantum confinement

In any material, substantial variation of fundamental electrical and optical
properties with reduced size will be observed when the energy spacing
between the electronic levels exceeds the thermal energy (k7).

In small nanocrystals, the electronic energy levels are not continuous as
in the bulk but are discrete (finite density of states), because of the
confinement of the electronic wavefunction to the physical dimensions of
the particles. This phenomenon is called quantum confinement and
therefore nanocrystals are also referred to as quantum dots (QDs).

Moreover, nanocrystals possess a high surface are and a large fraction
of the atoms in a nanocrystal are on its surface. Since this fraction
depends largely on the size of the particle (30% for a 1-nm crystal, 15%
for a 10-nm crystal), it can give rise to size effects in chemical and
physical properties of the nanocrystal.
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0 dimensional nanomaterials:
unique properties due to
quantum confinement
and very high surface/volume ratio

1 dimensional nanomaterials:
extremely efficient
classical properties



" H#H%

# #

1$

%



" $ % ? 4% * #O*% %
% % | % @@ @A +) % - ) " B # |

- ! ! | —

P PR Anfiboctevion Efect

ESH B_X

E— — = ;hw‘ > FRESH Ej}(




Ku ef al. Malaria Journal 2011, 10:118

http://www.malariajournal.com/content/10/1/118 “m MALARIA
“ 9 JOURNAL

METHODOLOGY Open Access

Quantum dots: a new tool for anti-malarial drug
assays

Min-Je Ku'", Fernando M Dassin'", Youngseon Chai*", Carolina B Moraes', Jiyoung Ryu”, Rita Song® and
Lucio H Freitas-Junior”



Thin Solid Films 517 (2009) 6441-6478

Contents lists available at ScienceDirect

Thin Solid Films

journal homepage: www.elsevier.com/locate/tsf

Special Feature

Noble metal nanoparticles for water purification; A critical review

T. Pradeep ®, Anshup

Department of Chernistry and Sophisticated Analyttcal Instrument Factlity, ndian Institute of Technology Madras, Chennai 600 036, India




Water: Nano tube filter — water purification

J‘ le.m:_ _________ ——ix

o — i

Petrolewmn filtration set-up using
the Nano tube filter

a (&
Structural characterization of macro tubes made from MWNT

o o a o 2]
" ' _ ‘H.

Removal of barcteria wsing nano tube filter.

They can remove 25-nanometer-sized polio viruses from
water, as well as larger pathogens, such as E. coli and
Staphylococcus aurous bacteria.

Filters adaptable to micro fluidics applications that separate
chemicals in drug discovery.

FProf, A. SRIVASTAVA & team, Hanaras Hindu University



Typhoid Detection Kit has been
developed by DRDE, Gwalior

using the nano sensor

developed by Prof. A K. Sood,

and his team from llSc,

Bangalore.

It is using recombinant DNA

technology and immunological

technique for rapid diagnosis of

typhoid infection.

The test detects S. typhi antigen
et Egi directly in patient’s serum within

:ﬁgg;q;reé fn:" Y j-3 minutes 'n.nfh_ic_:h _is very

latex agglutination important for initiating early

test. treatment and saving human

life

Very small quantity
of clinical sample as
low as 2-3 Hl is
required to perform
the above test as

DRDE, GWALIOR and Prof, AK SO0D, [IS5c
www.presidentofindia.nic.in



Drug Delivery system

Development of a reverse micelles

based process for the synthesis of
hydrogel and ‘smart’ hydrogel
nanoparticles for encapsulating

water-soluble drugs.

This method enabled one to
synthesize hydrogel nanoparticles

of size less than 100nm diameter.

This technology has been sold to

Dabur Research Foundation in 1999,

Manoparticle drug delivery for eye
diseases. “This process improves
the bioavailability of the drug on the
surface of the cornea”. The
technology has been transferred to

Chandigarh-based Panacea Biotech

www.presidentofindia.nic.in

Nanotube




Power: Gas flow induced generation of voltage from solids
+  SWNT are 1D systems: Narrow lanes for carriers.

+  Momentum transfer to the carriers either by direct or indirecttprucesses causes
electrons {holes) to scatter only in forward or backward directions along the tube.
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WHAT IS A PLASMON?

Plasmon — a collective oscillation of free electrons,
in this case a dipolar resonance

Localized surface ;

Field enhancement
plasmon resonance

Rough surface

Grating structure
Bulk Gold

Y/ Neoee®

+
Metal nanoparticles Conduction electrons acts like osculator )




Propagating surface plasmons
(surface plasmon polaritons)
Z A

Dielectric

VAAA

Metal

e Thin metal films (~50 nm)
* Propagate 10-100 um along x-y

Localized surface plasmons

Electric

Metal sphere

Electron
cloud

» Particle size << A
e Plasmon 1s localized
*ly~5nm



Types of plasmons

Localized plasmons

Dipole (and multipole)
oscillations of electrons

B

Both types of plasmons can
be used to enhance
absorption in solar cells.

Propagating plasmons
(surface plasmon polaritons)

bound to ‘

metal
interface




633 nm

m 70 nm

Plasmon wavelength
is smaller than light wavelength
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Figure 1-1. The growth of the field of metal nanophotonies 15 tlustrated by the mumber of
scientific arbicles pubhished annually contamimg the phrase “surtace plasmon™ m either the

title or abstract (based on data provided on www sciencedirect.com)
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The Promise of

PLASMONICS

| By Harry A. Atwater
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= Researchers have discovered that they can squeeze
optical signals into minuscule wires by using light to
produce electron density waves called plasmons.

m Plasmonic circuits could help the designers of computer
chips build fastinterconnects that could move large
amounts of data across a chip. Plasmonic components
might also improve the resolution of microscopes, the
efficiency of light-emitting diodes, and the sensitivity
of chemical and biological detectors.

m Some scientists have even speculated that plasmonic
materials could alter the electromagnetic field around
anobject to suchan extent that it would become invisible.
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JEFFREY N. ANKER, W. PAIGE HALL,
OoOLGA LYANDRES, NILAM C. SHAH, JING ZHAO
AND RICHARD P VAN DUYNE™

Chemistry Department, Northwestern University, 2145 Sheridanmn Road,
Evanstomn, Ilimnois 60208 -31 13, USsS.a
=e—mmail: wvanduyne & northhwwestern.edw

REVIEW ARTICLE

Biosensing with plasmonic nanosensors

Recent developments have greatly improved the sensitivity of optical sensors based on metal
nanoparticle arrays and single nanoparticles. We introduce the localized surface plasmon resonance
(LSPR) sensor and describe how its exquisite sensitivity to size, shape and environment can be
harnessed to detect molecular binding events and changes in molecular conformation. We then
describe recent progress in three areas representing the most significant challenges: pushing
sensitivity towards the single-molecule detection limit, combining LSPR with complementary molecular
identification techniques such as surface-enhanced Raman spectroscopy, and practical development
of sensors and instrumentation for routine use and high-throughput detection. This review highlights
several exceptionally promising research directions and discusses how diverse applications of

plasmonic nanoparticles can be integrated in the near future.

nature materials | VOL 7 | JUNE 2008 | www.nature.com/naturematerials



JoPhys, Chem. B 2001, 105, 3599—561 1 5509

FEATURE ARTICLE

Nanosphere Lithography: A Versatile Nanotabrication Tool for Studies of Size-Dependent
Nanoparticle Optics

Christy L. Haynes and Richard P. Van Duyne®
Department of Chemistry, Northwestern University, Evanston, fllinois 60208-3113

Received: February 19, 2001

Colloidal Crystal Mask _ “Pﬂll

[}

Figure 1. Schematic illustration (A) and representative AFM 1mage
(B} of SL PPA. The ambient contact mode AFM 1mage was captured
from a SL PPA fabricated with D = 342 nm nancspheres and o, = 48
nm thermally evaporated Ag metal after 3 min somcation m methylene
chlonde.
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Controlling size, shape, spacing, organ
environment of noble-metal nanopartis

= BIOMOLECULES
= NANOCLUSTERS



(A) Starting with the self-asse
process







1. Etch nanosphere
array in an Mgﬁn




Exemples of self-assemblec
polystyrene nanospher




Transmissicn




Optical Properties of Regular Arrays of
Metallic Nanoparticles
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