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IBM’s carbon nanotube field-effect transistor array

Single CNTFET (2000) CNTFET arrays with a pitch of 300 nm (2012)

It is critical to be able to control the alignment and the location of carbon nanotube
devices on a substrate.




DNA-templated carbon nanotube field-effect transistor

DOV IN TR

DNA scaffold molecule using
homologous recombination provides

the address for precise local-

ization of a semiconducting single-wall
carbon nanotube as well as the
template for the extended metallic
wires contacting it.

How to control the location of
DNA molecule?



Dielectrophoric trapping and manipulating DNA molecule

yT -
Anal. Chem. 2010, 82, 7141-7143

Dielectrophoresis as a tool for on-chip positioning of DNA

Does electron transfer/transport through double stranded DNA?



Electrical conductivity of DNA-transistor

theochem.kth.se

Conductivity due to overlapping it orbitals Improved conductivity by chemical modification

s it possible to generate more complex DNA-based electronic circuit?



2D self-assembly DNA nanostructure

Building block model Folding (origami)



3D self-assembly DNA nanostructure

Sequence specific pairing
In silica programmable
One-pot reaction

Structure = Function?

SCIENCE VOL 338 30 NOVEMBER 2012 1177



Functionalization of DNA nanostructure

Biotin protein array Gold conjugated array; metalization

26 SEPTEMBER 2003 VOL 301 SCIENCE

How about RNA nanostucture?



Programmable & Self-assembly RNA nanostructure

[ SCIENCE VOL 306 17 DECEMBER 2004

[ Nano Lett. 2004
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RNA functionalization?



RNA aptamer: metabolic engineering

RNA aptamers are a family of oligonucleotides with functions similar to that of antibodies in their ability to recognize specific ligand.
Metabolic engineering :Optimizing metabolic processes within cells to increase the cells' production of a certain substance.



Funtional pRNA as nanomedicine




Nucleotide based drug carrier



Sequence pairing
Polarizability

Conclusion remarks Conductivity

Self-assembly
functionalization

DNA is promising material to achieve high density memory and high
sensitive detection technology due to intrinsic properties.

Using rational design and self-assembly, nucleotide based nanostucture
offers a possible route to three dimensional microsystems.

Multiple functional modules, such as siRNA, riboswitch, ribozyme, aptamer,
miRNA, allows RNA nanoparticles serve as useful nanomedicine in drug
targeting and delivery.



Thanks for your attention !!



Stoichiometries

Enzyme pipeline:
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Comparison between RNA and DNA as building block
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DNA based nanostructure
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RNA based nanostrcuture

™ Nano Lett. 2004 September ; 4(9): 1717—
1723
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RNA nanoparticle in medicine application

In vitro transcription
In vitro assembly & labeling

Inject nanoparticle into mouse




Syed Ali Abbas




* Nanotechnology is simply handling materials at nano scale



”Hat NEXT? s

* Solar cells and Thermo Electric materials helping us to
manage the energy needs

* Drug Delivery and diagnostics in Bio Medication
* Filtration & Biosensors

* MOsFets & BJT’s (Frequency >30Ghz)

* Aerospace

* Food

* Textile



! uture Of Nanotechnology

My Emphasis On some new Ideas
* Faster Devices
* Food Crises
* Defense (Military)



“
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Mirage Effect ( Invisible Soldier??)

e Carbon nano tubes are used









!ood Crises ??7 NanotecEno|ogy IS

there to help

* Nutritional and anti aging supplement is there
(LifePak Nano)

* DNA protection, Cardiovascular health, Immune
system support, Bone health and more

* Pharmanex hopeful of making medicine that can
reduce the dependence on Food






* Thanks for your attention



Gold Nanoclusters: Synthesis and Application




= |ntroduction

= Synthesis Routes

= Present Application

* Problem definition??

= Future Application-Work Plan
= Discussions

» Reference



Introduction

* NCs alternative to organic dyes and QDs

* Good photostability, larger Stoke’s shift, [advantage over organic dyes]
 Ultra-small size (1-2 nm), low toxicity, easy synthesis [advantages over QDs]
* Various methods of synthesis of NCs.

 Polymer directed Au NC synthesis not feasible for usage. Protein directed Au NC & Au-
MUA NC more suitable.



Synthesis

» Polymer Directed Au NCs synthesis

Example-ELR Glul5 [Rodriguez et al., 2010], PAMAM [Zheng et al., 2003], PVP
[Gonza'lez et al., 2010], etc

» Advantages- higher QY, higher stability

» Disadvantages- complexity involved, bioconjugation not easy, more time consuming

» Protein Directed Au NCs synthesis

Example- recl-resilin [Mayavan et al., 2011], lysozyme [Wei et al., 2011], GSH [Shichibu
et al., 2007], BSA [Xie et al., 2009], HRP [Wen et al., 2011], etc

» Advantages- less complex, bioconjugation easier, less time consuming

» Disadvantages- lower QY



Present Applications

» Applications-Sensor for quercetin [Chen et al., 2012], methotrexate [Chen et al.,
2012], histidine [Hu et al., 2012], cyanine in water [Liu et al., 2010], copper ions in
live cells [Durgadas et al., 2010], GA detection [Wang et al., 2011], amino acid
detection [Wang et al., 2012], etc.

Fluorescent Quenching Turn-On Sensor
[Chen et al., 2012] [Hu et al., 2012],



Problem defination??

e Increase PL
 Improve biocompatibility to make it applicable for biological system

* Limited applications



Future Prospect-Work Plan

e Application in Sensor- Detection of Rifampicin antibiotic
e Application in drug delivery & fluorescence imaging

e Application in drug delivery & multi-modal imaging



e Why Rifampicin??

» First line drug for TB

» Develops drug-resistant

» Dosage adjusted
(cause of renal failure)

» Needs careful monitoring
else can become resistant
(Other drugs need not be
adjusted in renal failure)




Mode of Action



o




Rifampicin sensor based on BSA-Au NCs

* HPLC with UV-vis, single MS, tandem MS, LC used to monitor antibiotics in urine and
plasma.

* R binds to BSA quite strongly [Yu O.Y et al., 2011]

* INH, E and Z are not usually binding strongly with proteins—fluorescence quenching
based sensor.

* R analogue binds to Cu ions and not Mg ions as found from literature
* Turn-on based sensor

* Novelty-paper based testing!!



Sensor Methodology

* Preparation of BSA-Au NC
Advantages-

v Au with red NIR emission:
Improves tissue penetration
Reduce background fluorescence

v' BSA retains biological activity
Modification of surface
Analyte recognition
Change in emission spectra

[Xie et al., 2007]
Characterization-using FTIR/CD spectra, fluorescence spectra, TEM
Fluorescent Quenching based sensor
Calibration curve
Detection of unknown quantity of R
Effects of INH, E, Z in emission spectra of BSA-Au+R
Optimization, sensitivity, specificity
Application



Sensor Methodology

e Alternative way- Turn on Sensor
Paramagnetic materials completely quenches the fluorescence
Affinity of R analogue to Cu ions

BSA-Au NC—>BSA-Au NC+Cu ions-=BSA-Au+ Cu-R
F activity No F activity F activity

More specific, high sensitivity, lower limits of detection

Novelty- Test papers for detection of R

A & B-Before modification with Ag NC

C & D-After modification with Ag NC

E & F- Addition of Cu ions in deionized water

G- Addition of Cu ions in river water

H- Addition of Cu ions in barelled drinking water

Paper based assay: [Liu X et al., 2012]
Robust, simple, inexpensive, quick determination



Discussion

Application of Au-BSA for sensor and possibility of paper based testing for initial
estimation.

Possibility of further extension on other quenching or turn on sensing based
sensor mechanism.
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ATOMIC FORCE MICROSCOPY
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Outline

Atomic Force Microscopy
Imaging Modes
Applications

Advantages and Disadvantages

Summary




Atomic force microscopy

= Atype of Scanning Probe Microscopy that
uses the force between the probe tip and the
atoms of the substrate surface.

= Developed by Binnig et al. in 1985 after STM
= Basic Principle

The distance between the probe and the surface is

maintained by measuring the relationship of the
force and distance according to Hooke’s Law:

F = -kx




Atomic Force Microscopy

..-"‘I

Photo die}l:re -
Cantilever

I Piezo electric I

scanner :
Fiezo movement

Image:
http://scienceinyoureyes.memphys.sdu.dk/atomarkraftmikroskopi_en.php




Atomic Force Microscopy

Tip is in hard contact
with the surface;

repulsive regime

Tip is far from the
surface; no deflection

L L.
~._ Tipis pulled toward the
~ surface - attractive regime

Probe Distance from Sample (z distance)

Image: http://www.nanoscience.com/education/afm.html




Imaging Modes

= Contact Mode

Force between the probe and surface is kept
constant

= Tapping Mode
Cantilever is oscillating in the repulsive regime

= Noncontact mode

Cantilever is oscillating in the weak attractive
regime




Applications

= Biological
Microscopic phase distribution in polymers
Fragile biological sample imaging

= Non-biological
Topography of IC devices

Mechanical and physical properties of thin films

Imaging magnetic domains in storage media
Electrochemical studies




Applications

Height and Phase of Polymer Sample
Image: http://mee-inc.com/afm.html




Applications

Gold Plating for Wire Bond Failure Analysis
Image: http://mee-inc.com/afm.html




Applications

Tapping mode image of a human cornea
Image: http://www.iovs.org/content/51/12/6083.full




Advantages and Disadvantages

= Advantages
Resolution is not limited by diffraction
Do not require partial vacuum
New uses such as nanolithography

= Disadvantages
Scanning rates are usually slow
Tip convolution




Advantages and Disadvantages

= Tip Convolution

High aspect
tip Low aspect

tip




Summary

= Atomic Force Microscopy (AFM) can scan
many materials such as plastics, metals,
glasses, semiconductors, and biological
samples such as the walls of the cells.

= There are also limitations of the AFM that
needs to be addressed to achieve higher
resolution and accurate imaging.
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v’ Introduction and Basics.

v"Why we need to control nanomorphology?

v"Ways to control nanomorphology and illustrative examples.
v About Additives and illustrative examples.

v'Conclusion.

UV (<400 nm)
Visible (400-800 nm)
Infrared (>800 nm)



Best Efficiencies Records in 2012



Introduction



Why we need to control nanomorphology?




Ways to control nanomorphology

1- Annealing via solvent evaporation, = ciillle@l)

2-Thermal annealing, [S2NAE

3-Ratio and concentration of the components in the blend, [=cisE)

4- Photoactive materials chemical structure, & aEmiee ms it



Example (1)

P3HT : PCBM in chlorobenzene, 2 (c) as deposited and (d) solvent vapor annealed P3HT :

minutes of solvent annealing PCBM films



v Additives: Small amounts of solvents that added to the solution blend in order to
control the film forming Kkinetics leading to nanomorphology control.

v’ Additives should have higher melting points than the host solvents.
v'They should not chemically react with any of the blend’s components.

v'They should have higher solubility tendency towards some components than
others [Usually towards polymers than Fullerenes].

v'This differentiation in solubility gives the chance for crystallization and self-
organizing of [polymers] due to the relatively long time of additive evaporation
compared to the host solvent evaporation time.

v'Polymers and SM might be also used as an additives.



Published online: June 6, 2012

Example (2)

Sample Jsc (MA/Cm?) Voc (V) PCE% FF%

As Cast 6.6 0.78 1.8 0.36
Annealed 10.8 0.82 5.8 0.65
0.4% DIO 12.8 0.81 7 0.68




Example (3)

blends of PDPP2FT:PC71BM at a 1:3 weight ratio in chlorobenzene.
without any additive, PCE of only 0.86%.

The best device was obtained with the addition of 9% CN by volume relative
to chlorobenzene, and it achieved a Voc of 0.74 V, a Jsc of 11.2 mA cm-2, a
FF of 60%, and a PCE of 5.0%




Example (4)




v'"Nanomorphology of the BHJ organic solar cells is a critical issue and it needs
more detailed studies to be fully understood and controlled.

v Forming well-defined, small domain features of donor and acceptor interfaces in
the range of diffusion length (10-20 nm) to enhance the carrier transport and
dissociation are the main target in morphology control.

v Additives are promising candidates to control the nanomorphology of the BHJ
organic solar cells.

v Additives can eliminate the thermal annealing step which is not practical for the
commercialization of organic solar cells.

v'Up-to-date no specific additive can be used for all or even most of active layers
used in organic solar cells.

v'Now, people are trying to state controlling rules for the selection of the suitable
additive candidates for each photoactive material based on solubility parameters.






Applications in Nano Technology:
Space Elevator

Berco Dan 100011807



Slingshot effect:



Space Elevator

e conventional rocket designs cost about
$25,000 per kg for transfer to geostationary
orbit.

* Envisioned payload prices starting as low as
5220 per kilogram






Cable

e must carry its own weight and weight of
climbers - large tensile strength/density ratio

e retain the cable and counterweight above

e maximum is at geosynchronous altitude so the
cable must be thickest there and taper
exponentially as it approaches Earth



Cable Physics

 The vertical point with the greatest
tension on a cable is at the level of
geostationary orbit, (35,786 km)
above the Earth's equator.

e cable material combined with its
design must be strong enough to
hold up the weight of its own mass
from the surface up to 35,786 km



Cable Physics

Gravitational force
Centrifugal force
The overall

Solving for g=0 (stationary orbit)

35,786 km above the surface



Cable Physics

As the car climbs,
the elevator takes
on a 1 degree lean,
due to the top of the
elevator traveling
faster than the
bottom around the
Earth (Coriolis
force).



Cable Cross Section

the cross-section will follow this differential
equation:

Which gives an exponential dependence



Cable Cross Section

d, I, factor is quite large
— influence on the maximal cross-section is exponential

needs material where o will be large enough to cancel
gravity

This corresponds to a cable capable of sustaining 30
tons with a cross-section of one square millimeter



Cable Material

capable of sustaining a length of 4,960
kilometers of its own weight at sea level to

reach a geostationary altitude of 35,786 km
without tapering and without breaking

titanium, steel or aluminum 20—-30 km
kevlar, fibreglass 100—400 km

graphene ribbons 5000-6000 km



Carbon

* |s avery light material — 6t" in the periodic
table

 Does not carry a lot dead weight

e Strong bonding forces




CNT Space Elevator

can span 23,000 miles without failing
due to its own weight.

100 times stronger than steel.
Stiffer than any known material
Conducts heat better than diamond

Can be a conductor or an insulator
without doping.

Lighter than a feather.




Construction

Self Assembly
Top — Down
Bottom — Up
Defect Free
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Blink and you’ll
iss it. Don’t
blink, and you’ll

still miss it.

Hamza Qayyum
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Berkeley Laser Fires Pulses Hundreds of Times More Powerful
Than All the World’s Electric Plants Combined
By John Matson | August1, 2012 | " g

Fil Clamen EA Craatl &0 Deles

Peak Power = 1 Petawatt
(10%)
Peak Intensity = 104¢ J/cm?

-

At L "_vl.l_'ull.v'r L l_l'l.rl.l_ I_J.J.J.Ul_rl.\ﬁ].l. L J._ll"_'l.'a_-'a_ﬂ

BELLA laser. Credit: Roy Kaltschmidt, Lawrence , , ,
Berkeley MNational Laboratory JLﬂ}-‘ 20, dEhVEI‘ng ].".ILﬂSES with a

petawatt of power once per second. A



~ Energy —> Only 40 )

e P
Time
\

Pulse duration
40 femtosecond (10-15)

* A 40 femtoseconds laser pulse is same fraction of one minute
that one minute is of age of universe.

1.2 sec




e | E

 Increase the energy (E)

peak AtA e Decrease the duration (At)
| » Decrease the area of the focus (A)
Beam Area

Beam size = 10um \

Beam size = 5cm



Is it worth or just an idea of
some crazy scientist



Stanford Linear accelerator

Particle accelerators

SIZE:
Energy:

3.2 Km
50GeV (limit)

Wim leemans from Berkeley
Holding particle accelerator

SIZE: lcm
Energy: 1GeV



Synchrotron Radiation

Synchrotron radiation techniques allow a refinement in the non-destructive
characterization of these materials
The coherence of synchrotron X-ray beam allows an easy use of phase
sensitive techniques. Phase imaging, combined with three dimensional
reconstruction achieves ‘lenseless’ microscopy
The coherence of x-ray beams allows researchers to extend dynamic light
scattering to opaque materials, providing information on the time-
correlation of their structural evolution

Fonseca, . HUNTNgIon, . KalinNtChenKo, A. MaKsSIMCNUK, 3. F. U. Mangies, 1. MatsuokKa, 3. more |oum0|- M A T e
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Nature Physics Insight: Quantum simulation
Nature Physics 8. 980-983 (2010} | doi:10.1038/nphys1789



Martin Schultze, Elisabeth M. Bothschafter, Annkatrin Sommer, Simon Holzner, Wolfgang
Schweinberger, Markus Fiess, Michael Hofstetter, Reinhard Kienberger, Vadym Apalkov,

Vladislav 5. Yakovlev, Mark |. Stockman & Ferenc Krausz
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Nature 493, 75-78 (03 January 2013) | doii10.1038/Mmature11720
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Nuclear Fusion

* 1 Gallon can generate energy equivalent to 800 gallon
of gasoline



Thank You for your patience



How to generate such short



e Q-Switching

Before switching After switching

0° Polarizer Mirror 0° Polarizer Mirror

20-1 N-|

Pockels’ cell as Pockels’ cell as an

wave plate w/ isotropic medium
axes at £45°

Light becomes circular on the first pass Light is unaffected by the
and then horizontal on the next and is Pockels’ cell and hence is
then rejected by the polarizer. passed by the polarizer.



e Mode Locking



Master Oscillator Power Amplifier



Chirped Pulse Amplification

||||||||||||||



Bandwidth vs Pulsewidth

o

Fower (normalized)

i,, AvAT = const.
L_JW |

Frequency (a.u.)

Field (a.u.)

Tirme (a.u.)




Oscillator Stretcher Amplifier Compressor




CPA



Applications

~usion reaction
High intensity radiation sources

Particle accelerators

High energy physics



eli .

About

The project Extreme Light Infrastructure [ELI] ig part of a European plan fo build a new generation of large
research facilities selected by the European Strategy Forum for Research Infrastructures [ESFRI).

10 times more intfense than others




Introduction to Nanotechnology
A novel tool for molecular biology

Speaker: Yen-Chun Lin

H. Hosseinkhani
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Motivation

Wound Healing



Introduction

L1Collagen is the most abundant protein in
human body.

LIThe most prevalent and widely used as a
biomaterial collagen is type I collagen.

LJUV radiation is widely application in
biomedical and investigated in biomaterial.



Collagen

G—X-Y
e Triple-helical structure ( n

(Gly — Pro — Hyp),,



Introduction Method Results Conclusion

Introduction



Light Sources for Laser Scanning Microscopy
o~

SHG OPO

Light source signal signal idler
525 650 1050 1300

SHG of pUmp. o ump

Ti:Sa > OPO signal idler
350 460 700 920 1350 1600 2100
Ar ion GaNAr ion Ar ion Nd:YVOs He-Ne He-Ne .

Solid State &

365_ 403 488 514 532 543 633 Fiber Laser

), —— ﬂﬁﬁiiiii:i:;;;;;;;;;lIIIIIIIIIIIIIIIIIHIIIIIIIIIII>
300 0] /00 900 1100 1300 1500 2100 3000 Nnm

2100 3000

Il «<— Spectral range of a small frame Ti:Sapphire laser

Applications
Visible light spectrum

/ \Z-photon excitation\ o
Wide bandgap material Most staining dyes Bio-window

Small molecules Si or GaAs Low IR absorption
Gas phase sample semiconductor 3-photon processes
2-p UVB excitation SHG (THG,EFISH)
Aromatic amino acids Interfaces
Wide bandgap semiconductor



Introduction Method Results Conclusion

Characteristic of Fluorescence

Detector

L ] Emission filter

Dichroic mirror )
Light source

<

\

Excitation filte

[ | Specimen
* J.R. Lakowicz, et al. JBO 13 (2008) . 9




Starting with Molecular States

D A
FRET
Van del:rzWaaI force

2 y K : orientation factor
K = 3



Introduction Method Results Conclusion

Time Correlated Single Photon
Counting (TCSPC)

o Many idling cycles .
Laser pulse Fluorescence (for avoiding piling up) Fluorescence
photon / photon

e e

Start-stop-time 1 Start-stop-time 2

QI(t) = Ije t/7

OF(t) = Xl aie™t/m

Y. Ampljxt}

Z‘,]- Ampl Xt

&7, =



Optical Method for Collagen

> Autofluorescence > Fluorescence lifetime

e Tyrosinis aaromaticamino e |jfetime T :sensitive to
acid and is major nano-physical and chemical
chromophore of collagen environments

e |tiscapable to absorb UV
light.

O

OH
NH,
HO

phenoxyl of tyrosine



Optical Method for Collagen

» SHG (second harmonic generation)

e Nonlinear optical process

» SHG is sensitive to the
structure and arrangement
of the molecules that
produces the signal.

» SHG suffer no inherent
photobleaching or toxicity .




Introduction Method Results Conclusion

SHG and collagen

* Non-linear optical signals 2 SHG, THG...
 The most organic matrix of dentin is collagen.

Virtual State ===mmm== A==y ——————

’.lex

Excitation light A 2
800nm

Ground State

P= gox(i)E1 + EDX(Z)EZ + EDX(B)EB + e

P = Z soxfﬁ? EEy
Lk
€ SHG is sensitive to the structure and

R., Elbaum,et al J Dent. 35 (2007) 150-155. arrangement' - -
M.H. Chen, et al. JBO. 12 (2007) 064018. @ SHG suffer no inherent photobleaching or

J.H. Chen, et al. (2009) toxicity .




Collagen By UV Expose

3.42NS

N Coimm

Omin 10min  20min  30min 40min 50min 60min

15



Laser resurfacing can improve minor facial flaws

* Fine lines or wrinkles around or under
your eyes, forehead or mouth

* Scars from acne or chickenpox

* Non-responsive skin after a facelift

« Aged or sun-damaged skin

* Liver spots

* Improve your complexion if you have
yellowish or grayish skin tones

* Warts

 Birthmarks such as linear epidermal
nevi

* Enlarged oil glands on the nose

16



Introduction Method Results Conclusion

Discussion

» The collagen matrices in dentin were more
highly cross-linked than the soft tissue
collagen.

» Collagen heat treatment would cause
dehydration and conformational changes of
collagen into higher order.

> The copf~==ational chs
resto 7in
deng

nllagen will

17



Introduction Method Results Conclusion

Micrographs from Dental Tissues

> Autofluorescence

> Nonlinear optical signal> SHG
P 3.2ns

o — . 0.8ns

200um 50um (G[Y'PTO'HW),
Dental slice  AF image SHG FLIM image

s

* The changes in optical properties may reflect the
pathological and physiological conditions of dental

tissues.
18



Introduction Method Results Conclusion

SHG Micrographs of Thermally
Treated Dental Sections

T(°C) |RT 50 100 150 200 250 300

Second-harmonic generation images of a dental section after thermal treatment at various
temperatures. The period of thermal treatment is 10min for each temperature step (50°C).
19



Introduction Method Results Conclusion

FLIM Micrographs of Thermally
Treated Dental Section

T(°C) 250 300 350 400 450

e 4X objective
e pulsed laser diode emitting at 375nm 20



Introduction Method Results Conclusion

<
<
4qW0n

3.0 ns

1.0 ns cY’ c1 S

Dentin Enamel v v v
sound sound
S g’
Ci i Ccr
& carious o
7,=0.5 ns, A;= 40% 7,=0.3ns, A= 47%
T,= 2.9 ns, A,=60% T,= 2.4 ns, A,=53% Dental caries >
Carious ’L'1=0.4 ns, A1= 82% ’L'1=0.4 ns, A1= 75% destructlon of tlssue’

C2,c2’ =2.2 ns, A,=18% = 1.9 ns, A,=25% .
K i K i accumulation of fluorophores. 21






Basics of FRET technique

Donor ---

molecules excited from ground state to
excited state upon excitation of light or
absorption

Acceptor---

if acceptor molecules are close enough
with donor in excited state,

Energy is transferred from D to A.
This radiationless transfer of energy is called
RET or FRET.

Non-invasive

Spatio-temporal dynamics-
Interactions between partners
in living cell






Conditions for FRET to Occur

e FRET — process, radiationless transfer of energy
from a donor fluorophore to an appropriately
positioned acceptor fluorophore.

e FRET occur when emission
spectrum of donor
fluorophore overlaps (>30%)
the absorption spectrum of
an acceptor.

 No overlap, no FRET.



FRET microscopy

http://www.olympusmicro.com/primer/techniques/confocal/applications/flimintro.html




Apoptosis vs. necrosis discrimination

Ghukasyan et al., J. Phys. Chem., 2009, Wang et al. J.Biomed. Opt. (2008);



Apoptosis vs. necrosis discrimination

Ghukasyan et al., J. Phys. Chem., 2009, Wang et al. J.Biomed. Opt. (2008);



Metabolic mapping of live cells

Introduction

Need for energy:
synthesis ¢ motion ¢ transport
The basic fuel molecule,
formed in the process of
the oxidation of energy-
rich molecules

ATP:

Day 2 Day 3

Fluorescence
lifetime,
:




Detection of aggregation by means of FLIM




Scope of FLIM/FRET:

Detection of Bio-interactions and Micro-environment
changes that may be revealed by dipole-dipole interaction

1. Cell-to-Cell Signaling: ligand/receptor.
2. Immune System: antigen-antibody interactions.

3. Expression of Genes : DNA/regulator protein
interactions.

Metabolism: Formation of enzyme complex.
Cell Division: DNA hybridization.
Protein Folding.

Changes of micro-environment surrounding the
reporting fluorophores.

NN e
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Introduction

Rice University scientists developed new technology that uses
nanoparticles to convert solar energy directly into steam.

The new “solar steam” method is so effective it can even produce
steam from icy cold water.

The technology has an overall energy efficiency of 24 percent than
Photovoltaic solar panels(15 percent).

Important benefits are water purification, desalination, sterilize
medical waste and surgical instruments, to prepare food and solar
thermal power.

Another potential use could be in powering
hybrid air-conditioning and ethanol
water mixture, solar distillation.



Basic Concept

« Sub wavelength metallic particles are intense absorbers of optical radiation,
due to the collective oscillations of their delocalized conduction electrons,
known as surface plasmons.

* When excited on resonance, energy not reradiated through light scattering
Is dissipated through Landau (nonradiative) damping, resulting in a rise in
temperature in the nanometer-scale vicinity of the particle surface.

» Particle-based approaches have also been of interest for
/ solar energy applications. = T



Solar Vapour generation by
nanoparticles

=On illumination ,light-absorbing
nanoparticles, can reach temperatures above
the boiling point of liquid water, creating a
nonequilibrium condition between the hot
nanoparticle surface and the cooler fluid.

=Once vapor is formed at the particle liquid
interface, the metallic nanoparticle is
enveloped in a thin layer of steam with a
reduced thermal conductance compared to the
liquid.

= The vapor volume increases, coalesce with
other nanobubble, moves to the liquid air
Interface where the vapor is released and the
nanoparticles revert back to the solution to
repeat the vaporization process.



Result and Discussion

=S102/Au nanoshells and water-
soluble N115 carbon nanoparticles
were prepared.

=Upon solar illumination, the
pressure over the solution of
nanoshells began to increase,
Indicate steam generation, less than 5
s after illumination while for carbon
nanoparticles the pressure increase
was delayed by 20 s.

=\\/e observe a slow and measurable

Increase in the fluid temperature for
the illuminated nanoshell solution,
while the carbon nanoparticle
solution shows only a negligible
Increase in temperature for the same
Illumination conditions.



Mass Loss and Fluid Heating

*To quantify the energy efficiency of
solar steam generation, the mass loss due
to steam generation is similar for
S102/Au and N115 carbon nanoparticles.

= The temperature increase due to heating
of the liquid is less in 35 ml(red) and
more in 25ml(blue) for both SiO2/Au and
N115 carbon nanoparticles.

*These measurements indicate that
80%o0f the solar energy absorbed by
the nanoparticles contributes directly

to steam generation. The overall
energy efficiency IS 24%o.



Summary

Efficient direct steam generation using solar illumination.

80% of the absorbed sunlight is converted into water vapour and
only 20% of the absorbed light energy is converted into heating of
the surrounding liquid.

In ethanol distillation a higher percentage of ethanol observed from
the water ethanol azeotrope.

Solar energy can be used for distillation, desalination, sterilization
and sanitation in resource-poor locations.

In future this technology can be used in solar thermal power
generation.






Binary Self-Assembled Monolayers
Modified Au Nanoparticles as Carriers
in Biological Applications



SAM-AuNPs

gold nanoparticles

self-assembly monolayer



Gene delivery=>gene therapy






* AuNPs were modified with SAMs of homogeneously

mixed and functional groups
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Biocompatibili

MTT Assay

Do o e o o e e e e e e e e e e e e e e e e e e e e e e e e e e

15

r

= e s

R

e e e e e e e e e e e e e e et ettt

120

100

80

o
©

|BAIAINS |]32 %

40

20

5000

2000

1000

500

250

100

50

SAM-AuNPs conc.




Cellular uptake
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Cellular uptake




Ability as carrier






SAM-AuUNPs (100% COOH)

SAM-AUNPS (80% COOH)

SAM-AuUNPs (60% COOH)

SAM-AUNPs (40% COOH)

SAM-AUNPs (20% COOH)

SAM-AUNPS (0% COOH)
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