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» Synthesis Nanoparticle
» Surface treatment
» Functionalization

j Interfacial molecules

Bio-compatible molecules,
Or targeting molecules
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*Micelle
*Diblock copolymer
*Triblock copolymer

edendrimer

liposome

sother

lron oxide

eQuantum dot

*Gold nanoshell

egold & silver nanoparticle
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Developed Nanoparticles

» Metallic nanoparticle
m AU (5nm, 15nm, 20nm)

> Semiconductor

m Nanoparticle

CdS, CdSe, CdTe, CdSe/ZnS (<5 nm)
m Nanorod

CdSe (W:5~10nm; L: 20 ~ 100 nm)

» Magnetic Nanoparticle

m DMS

Gd:CdS, Gd:CdSe, Mn:CdS, Mn:CdSe (<100 nm)
m Metal oxide

g-Fe,0,, Fe;0,,Gd:Fe,O, (20 nm)

» Magnetic semiconductor

Fe,S,, Fe,Se;, FeGdSe;, Gd,S; (< 60 nm)
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(A) (B)

TEM Image of CdSe Nanoparticle
(Diameter=5.4 nm)

TEM Image of CdSe Nanorod
(Diameter=20 nm x 12.5 nm)

CdSe
; ST 410°C
1.0 A =628 NM 290°C )
Particle size=5.4 nm /\ (A) Reaction temperature: 290 °C.
S, 0.8- Ayex=692 NM Particles size: 5.4 nm.
= Particle size: e .
2 Length=20 nm Emitting peak: 628 nm.
E 0.6 Widthness=12.5 nm
g 0s (A) Reaction temperature: 410 °C.
g Particles size: 20 nm x 12.5 nm.
S 024 Emitting peak: 692 nm.
0.0
500 | SéO | 660 | 6é0 | 760 | 7é0 | 860

Wavelength (nm)
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CdSe/ZnS instead of CdSe

The emission intensity enhancement is due to the higher energy gap of ZnS

600 CdSe nanocrystal
—— CdSe/Zns core-shell
500 -
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L Antibody-CdSe/ZnS Conjugates

COOH HO@S,

EDC, antibody-NH,
Exchange synthesized CdSe solution buffer to H,O H20
Sln fllter HOOC HNOC

COOH ?CONH

HOOC MV HOOC v

COOH ~COOH

Emission Spectrum
(excitation wavelength: 365nm)

2.0x10" 603

CdSe/BSA

. . . L510'1 anti-mouse IgG-CdSe/BSA
Quench the reaction by adding hydroxylamine ]

to a final concentration of 5mM, and react for 30 minutes

603

1.0x107

counts

Purify conjugates by spin filter (MWCO 300K)
and store at 4 °C

5.0x10°

0.0 4

Characterize conjugates by HPLC
and immunoassa 400 450 500 550 600 650 700
wavelength(nm)
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Biocompatibility modification of iron oxide

7 3 % g dextran) # 4+

Experimental procedure
iron

FeCl, + dextran (FW=10,200) + DI water oxide

ﬂ cool to 2-4°C

Il +FeCl, %

dextran
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rerrrBroTipatibility modification of iron oxide

iron
oxide

FTIR

dextran (Mw=10,200

XRD

200 nm

iron oxide-dextran

—— iron oxide-dextran(Mw=10,200)

. . —— iron oxide
iron oxide-dextra

% Transmittance

Intensity

iron oxide

50 nm

# 4000 3600 3200 2800 2400 2000 1600 1200 800 400
Particle size < 10 nm Wavenumbers (cm-1)

These results showed that the surface of iron oxide
nanoparticles had been successfully modified with

dextran
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DNA Attached to Au Colloids and Hybridization

\—\—\_\ attached hybridization SH DNA 1

SH SH ~~ sH DNA?2

‘ ‘ > A@ > ﬁ. DNA1 attach to Gold
DNAZ2 attach to Gold

-

219-nhm
21 » S e Hy Dridlization 0 hr
536 nmh, i Hybridization 1 hr
‘ Hybridization 19 hr
e R e e e
Abs . ’
18 24hr
)
0.2 \ \ \
200 400 600 800 900

Wavelength [nm]
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» Multiple color

* Nanoparticle cds | Biolabeling

-semiconductor nanoparticle @/

-metal nanoparticle
Diagnosis

* Long life-time

» Labeling for living cell

* Non-invasive
(MRI contrast agent)

» Efficient transfection
( In vivo tracing agent)

-metal oxide nanoparticle

MR AR ML 0 3F F AT EET R R K Moken® it o ok
P % -E;(kj’ AR AR INEVE B0 i

e SNP in Biochip
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4 % 1% 5+ Bio-Labeling

» ldeal probes with semiconductor nanoparticles
»Narrow emission spectrum (FWHM : 20-30nm)
»Symmetrical emission spectrum

» EXxcited by a single wavelength
» Tunable emission wavelength
» Long fluorescent lifetime

16
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Metal Size - Induced Metal-Insulator Transition Insulator
O O
—_—— O O ;;E e
o0 o e
= ‘ * L 2 . 2 - -
Diameter : D>>10 A D~10—10" A D~10-10A D<10A
Mucle.-urity:r\::--:--io‘_oﬁ N~10""10% N~10"—1g N <10
Kubo Gap : 6 <<10 K 5 ~108-1k 5~ 1-103K 5 > 109K
Bulk Metal Metal cluster/nanoparticle Atoms & Molecules

.

Energy

Density-of-States
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Size Effect on Band Gap Energy Shift

Spectroscopic

~ 3.572¢? ~ 0.124e"*

Regions
2 _2
Molecule E d 2']’] T
( ) _ d 2
Quantum <« EEcui![lén
Dot Diameter
Y
A
Shape
Resonance
Polariton
Optical
~~—— d=A/2 Size
Resonance
Diameter (A) 100

Energy shift (eV) 0.02
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Photoluminescence of

Semiconductor Nanoparticles

1.0 4
0.8 A
Q
Q
= W\/\M\/\I\WN\A
S .
5 0.6 -
S
o red nanocrystals on actin
N
Tés 0.4+ fluorescein phalloidin on actin
®)
Z,
0.2 A

l T T T T 1
0 20 40 60 80 100

Scan number

Fluorescein was excited at 488nm.
Nanoparticles were excited at 363nm

Nomalized fluorescence

A B
3.5nm
4.6nm 3.0nm

6.0nm 4.6nm 3.6nm 2.8nm 4.6nm 3.6nm 3. 1nm 2.4nm

1771

1033 729 564
Wavelength (nm)
(A) Blue lines : CdSe (B) Silica-coated core (CdSe)-shell (ZnS)
Green lines : InP
Red lines : InAs W.Shimon and coworkers

Science, 281, 2013, 1998.
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T ApplITation of Semiconductor Nanoparticles

In Bio-Labeling

++CdSe-CdS core-shell nanoparticles were used to create these fluorescent microimages of
living 3T3 fibroblast cells.

%+ CdSe-CdS (2 nm core) : green (550 nm)

++CdSe-CdS (4 nm core) : red (630 nm

(Science 1998, 281, 2013)

20
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July 29, 2004 http://www.nanotechweb.org/articles/news/3/7/17/1
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=Linking active drugs to antibodies or other molecules that bind
selectively to a target cell or organ

* Nanotech Drug Delivery Systems (Nano DDSs)

— 3 ':-Ufjg]izf (drugs at target sites).
o LB KRR ﬁ-ﬂ/p ﬁ*li

FAH kR : http://www.chemistry.org/portal/a/c/s/1/feature_pro.htm.?id=c37e9fdf51c42858f6a4fd8fe800...
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Carrier System Based on Dendrimers
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mﬂma} % s

MNanoscale dendritic assembly for gene therapy

> Polyvalency and model »Nanoscale dendritic assembly
biocompatible drug carries for gene therapy
'Size UnifO m Jean M.J. Fréchet, Ph. D., University of California

.z_\-r Akbé&;%%j\ljﬁ‘;
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NanoMed Pharmaceuticals 2 @ (&)%)

N

+Use of nanoparticles with drug molecules bound to
their surfaces
(NanoMed Pharmaceuticals® B £ ¢ 4~ [F{ s A4
w2 H R K k)

e 2% 12 “encapsulated into” & “adsorbed onto” the

particles, along with cell-specific ligands that can
home in on a clinical target.

¢

.

eNanoMed 2 @/ % < f ¢ ¥ * gt NanoDDSs #-% 7 i3
blood-brain barrier » ¥ %% # % sustained release.

FAH kR : http://www.chemistry.org/portal/a/c/s/1/feature_pro.htm.?id=c37e9fdf51c42858f6a4fd8fe800...
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L
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HEF A ok

July 08, 2003 http://www.nanotechweb.org/articles/news/2/7/3/1
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Diagnosis, Early Detection of Disease

» Using the unusual optical and magnetic properties
of nanoparticles : gene chip, MRI contrast agent,
Immunoassay, biosensor

29
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omparison of Magnetic Properties
between Clusters and Those of Bulk Forms

Materials Nanoparticle Bulk
Na, K 5. F 12 g

Fe, Co, Ni AZ G e L oy el
Gd, Tb A B e oy el

Rh, Pd 5 i 14 " R
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Iron oxide nanoparticle )
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iron oxide nanoparticle

nanoparticle
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ﬂE TEsEE Tl Nanodevices target viruses

o vgfi'vflﬂ)’ﬁ fe B i8R 3] 1 ﬁé_ m}g,/PJF*’?"i;'JuE 'H}i‘gﬂg 52”@

fe B H Fpenfriph e F-v ?T s "ITsEmLs o
8| —— 1
g .
8
Tima
] —
( PRDRAIRET ZHF A T : 2
~ £0.58ck ~ 2 2;_150’k ‘1" ’Eﬁ'zﬁ’ﬁ 1t -
XLpst e 2 o Bl %R ° & 280K Time
(FB)z @A 2L 2007 AW 2 KRN %
PR ERAHF  FUNE - B A ERE T E U
ZAM2y AL ET R B f}ﬁﬁi =
8 2 X M2 ET BT Time
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» Textured Surfaces for Tissue Regeneration,

Growth and Repair
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Collagen Nanofiber
100~150 nm

Gelatin nanofibers
Size <50nm
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3%+ ;SCNT X-rayk #

University of North Carolina at Chapel
Hill & Applied Nanotechnologies Inc.

Single-wall carbon nanotube film

— ~ 95 wt % SWNT bundles average
tube diameter of 1.4 nm and bundle
diameter of ~ 50 nm

advantages

— peak emission current: 140 vs. 10
mA/cm?

— temperature: room temp vs. 1,000 °C
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nano-based drugs: decade away

» Fullerenes, dendrimers lead the pack
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+ The applications nearest to commercialization

¢ End of this decade: dendrimers and modified buckyballs
will make their way into clinical use for drug delivery
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1. Synthesis of dextran-coated magnetic iron oxide particles

2. folic acid-particle conjugate synthesis

folate
MeOTf

— LooC 1,1’-carbonyl diimidazole
=N in dry CH,;NO,

. CBMIT
| THF 1,1'-carbonylbis(3-methylimidazolium)

OH triflate
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