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Luminescent II-VI nanocrystals (quantum dots)
Room temperature PL quantum efficiencies up to 85%

PL of CdSe/ZnS core-shell nanocrystals
in chloroform. 

Composites of CdSe/ZnS and CdSe/CdS
nanocrystals and polylaurylmethacrylate (PLMA)

Single particle luminescence of CdSe/ZnS
nanocrystals

(collaboration with Prof. O. Benson, Paul 
Drude Institut, Berlin)
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Highly luminescent core-shell nanocrystals
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Core-shell CdSe/ZnS nanocrystals

CdSe/ZnSSSi][(CH)) Zn(CH CdSe-nano
200

2323  →++ °−− C,TOPTOPOHDA



CdSe/CdS/ZnS and CdSe/ZnSe/ZnS nanocrystals
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10 min confocal microscope
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CdSe/CdS quantum dot quantum rods
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electronic structure of  CdSe/CdS QD-QR 
nanocrystals

Polarized luminescence with quantum efficiency ~60% !
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Kooperation mit Oliver Benson (HUB) und Jochen Feldmann (LMU)
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Single quantum dot quantum rod luminescence

Jochen Feldmann, LMU



Electrically Switchable Energy Transfer (FRET)

Jochen Feldmann, LMU
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Electrically Switchable Energy Transfer (FRET)



I
Od

hv

λ
−

⋅=
d

0 eII
 

10 100 1000

1

m
e
a
n

 f
re

e
 p

a
th

le
n

g
th

 λλ λλ
 [

n
m

]

kinetic energy [eV]

 

 

5

0.5

0.2

50-700 
eV

Ekin Ekin = hν - Ebind - φ
photopeak

Ef

vacuum

E

core level

h⋅ν

EBind

φ

kinetic energy [eV]

As 3dInAs nanocrystals
4.3 nm diameter

hν = 578.0 eV

In
te

ns
ity

 [a
.u

.]

532 534 536 538

 

  

As 3dInAs nanocrystals
4.3 nm diameter

hν = 176.4 eV
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InAs nanocrystals
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Synchrotron XPS as structural probe for nanoparticles

We could identify:

• core shell growth

• surface etching

• dopant profiles

Collaboration with Thomas Möller, HUB



Doped Nanoparticles
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Markus Haase, now University Osnabrück

e.g. LaPO4: Ce,Tb



Semiconductor versus REN-X®
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REN-X
• smaller linewidth
• higher stability
• excitation in uv
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wavelength, nm

Q-dots
• shorter lifetime
• excitation in the visible
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Einsatz von Nanopartikeln in Diagnostik und Therapie

DNA

Partikel

• REN-X, Q-Dots für Lumineszenz

• Magnetische Nanopartikel als Kontrast-
mittel für magnetische Resonanz und zur 
Hyperthermie

• Fast alle Nanopartikel führen zur Erhöhung 
von Röntgen und Elektronenkontrast

• Einbau von radioaktiven Isotopen

• Multifunktionale Nanopartikel
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Ligand exchange versus encapsulation
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How to light up a nanocrystal?

5 nm

e- + h+

Electroluminescence



Structure of QD LED

LED´s with CdSe nanoparticles as emitters

Electron conductor

CdSe QD

Hole conductor

- +

h+

e-

h+

Alq3 TPD

light

Real device

U = 7 Volt

Philips Aachen (BMBF)

This approach can be applied to IR-emitting quantum dots (IR-emitting QD LED)
InAs, PbSe, PbS

Al ITO

e-

h+

e-

h+
e-



100 nm

SEM image of a quantum dot LED

Conductive polymer layer

ITO substrate

Quantum dot monolayer



How to light up a nanocrystal?

5 nm

Chemiluminescence

Chemiluminescence is the most 
sensitive of any non-radioactive 
method, allowing attomolar
amounts of target to be detected.



The Haber-Weiss
mechanism of H2O2 

decomposition on metals, etc.
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Luminescent nanoparticles
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Size control of nanocrystals in the absence of 
Ostwald ripening, e.g. for CoPtx
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Influence of the reaction temperature
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Magnetic behavior of nanoparticles
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Nanomagnetism

∆E

Magnetisation

Field
strength

Ferromagnetic

Hc
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Magnetisation

Field
strength

Superparamagnetic

•Orientation determined by anisotropy energy, K.

•Energy barrier,

•Blocking temperature,

•At , particles are superparamagnetic.

•At , particles are ferromagnetic.

KVE =∆

ETk BB ∆≈ 25

BTT >>

BTT <<



Magnetic properties of non-interacting CoPt3

nanocrystals 
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Örjan Festin, Peter Svedlindh (Sweden)



Magnetic Particles in Medicine

Detection of Water

Saturation of Nuclear Spins

Differences in Relaxation Times

(T1 or T2)

� Contrast

Iron oxide as contrast agent in MRI
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Magnetic Particles in Medicine

Iron Oxide as Contrast Agent in MRI

Commercial Resovist
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Detection of Water

Saturation of Nuclear Spins

Differences in Relaxation Times

(T1 or T2)

� Contrast
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100 nm



100 µm

3D Self-Assembly of CdSe Nanocrystals

Non-solvent: (methanol)

Buffer layer („semi-solvent“): (propan-1-ol)

CdSe nanocrystals in a solvent (toluene)

Adv. Mater. 2001, 13, 1868.

150 nm
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Colloidal crystals from PbS



PbS
Superstars

3rd level of 
hirachy



40 nm

Self-assembled CdSe nanorod solids
up-right stacking



20 µm

20 µm
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b c
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Characteristic birefringence of CdSe nanorod solids
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Angew. Chem. Int. Ed. 41, 688 (2002)
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Animation by H. Fuchs, HanseNanoTec
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Nano-Activities at Hamburg



58CAN GmbH

Sommer 2004 Nanotechnologie Studie von HH und SH empfiehlt Gründung 
eines Centrums für Angewandte Nanotechnologie

November 2004 „Go“ zur Erstellung eines Business Plans für CAN in PPP

April 2005 Business Plan liegt vor

Mai/Juni 2005 Behördeninterne Abstimmung, Senatsdrucksache

Juli 2005 Senat beschließt Gründung von CAN im Rahmen des SIP

September 2005 Bürgerschaft stimmt Gründung zu, Mittelfreigabe

1.November 2005 Trägerverein gründet sich

November 2005 Gründung der CAN-Hamburg GmbH

Unterzeichnung der ersten Forschungsaufträgen

Dezember 2005 Einstellung der ersten Mitarbeiter

Einrichtung der Labore im Inst. Phys. Chem.

Januar 2006 Beginn der Forschungsprojekte

15. Februar 2006 Offizielle Einweihung von CAN, Hamburger Nanotech Tage 

1. März 2006 Operativer Geschäftsführer Dr. Schroeder Oeynhausen

Historie CAN


