
Lecture Schedule 

1. Introduction to Nanotechnology with emphasis on Nanostructured 

Materials (Week 1) 

2. Nanocrystals of Semiconductors and Chalcogenides  

(Weeks 2 ï 6) 

3. Nanocrystals of Magnetic Materials and Oxides (Weeks 7 ï  9)  

4. Nanocrystals of Gold and Platinum group metals (Weeks 9 ï10) 

5. Nanoporous Materials and Multifunctional Nanostructured Materials 

(Weeks 11 ï 13) 

6. Advanced Topics (weeks 13 - 15)  



References for Colloidal Chemical  

Synthesis of Nanocrystals 

1. Jongnam Park, Jin Joo, Soon Gu Kwon, Youngjin Jang, and Taeghwan Hyeon,* 

ñSynthesis of Monodisperse Spherical Nanocrystals,ò Angew. Chem. Int. Ed. 2007, 46, 

4630.  

2. Alivisatos, A. P. Semiconductor clusters, nanocrystals, and quantum dots  Science 

1996, 271, 933. 

3. Soon Gu Kwon and Taeghwan Hyeon,* ñColloidal Chemical Synthesis and Formation 

Kinetics of Uniform-sized Nanocrystals of Metals, Oxides, and Chalcogenides,ò Acc. 

Chem. Res. 2008 (invited account), 41, 1696-1709. 

4. Soon Gu Kwon and Taeghwan Hyeon,* ñFormation Mechanisms of Uniform 

Nanocrystals Using Hot-injection and Heat-up Methods,ò Small, 2011, 7, 2685-2702. 

5. D. V. Talapin, J.-S. Lee, M. V. Kovalenko, E. V. Shevchenko, Chem. Rev. 2010, 110, 

389. 



Å Spherical II-VI Semiconductor Nanocrystals (Quantum Dots) 

Å III-V Semiconductor Nanocrystals  

Å Core/shell Semiconductor Nanocrystals 

Å Applications of Semiconductor Nanocrystals  

Part I. 

Semiconductor Nanocrystals 



Applications of Semiconducting Nanoparticles  

Å Phosphors for next generation flat panel displays 

  with high brightness and short residual time 

Å Biological labeling and biological diagnosis 

Å Nanoscale Lasers, Light-emitting diodes 

Å Photovoltaic devices, Solar cells, Photocatalysts  

Semicondutor Nanocrystals 



Semiconductor Nanocrystals as Fluorescent Biological Labels 

Shimon Weiss and A. Paul Alivisatos (U. California, Berkeley) 

Science 1999, 281, 2013.  

The use of nanocrystals for biological detection. 

A. Paul Alivisatos, Nature Biotechnology 2004, 22, 47. 

Demonstration of Photostability of QDôs vs conventional dye 

Semicondutor Nanocrystals 





Full color emission from II-VI semiconductor  

quantum dot-polymer composites, 

Bawendi, Adv. Mater. 2000, 12, 1102. 

II-VI QDs mixed with Polyaurylmethacrylate (PLMA) 

 

Semicondutor Nanocrystals 



Full-colour QD display and its flexible form 

SAIT, Nature Photonics 2011. 



Hybrid Nanorod-Polymer Solar Cells 
Wendy U. Huynh, Janke J. Dittmer, A. Paul Alivisatos* 

Science 2002, 295, 2425 

Semicondutor Nanocrystals 



Spherical 

II-VI Semiconductor 

Nanoparticles 



ÅSemiconductors are non-metallic solids that conduct 

electricity by virtue of the thermal excitation of 

electrons across an energy gap.  

ÅElectrons excited into otherwise empty conduction 

band may move under applied electric field and 

hence carry current.  

ÅBoth electrons in conduction band or holes in 

partially empty valence bands can be charge carrier 

Semiconductors 



Band Theory: Molecular Orbital theory of Solids 

Band formation by orbital overlap 

Shriver and Atkins, Inorganic Chemistry 



Shriver and Atkins, Inorganic Chemistry 



Overlap of band 

through strong interaction 
Fermi level: highest occupied 

level at T=0 

Shriver and Atkins, Inorganic Chemistry 



Fermi-Dirac distribution 

Shriver and Atkins, Inorganic Chemistry 



Semiconductors 

Intrinsic semiconductors 

Insulators Semiconductors 

Shriver and Atkins, Inorganic Chemistry 



Extrinsic semiconductors 

- Doping: donor and acceptor 

- n-type and p-type 

Donor 

levels 
Acceptor levels 

Shriver and Atkins, Inorganic Chemistry 



Conduction 

Band 

Valance 

Band 



Densities of states 

Number of energy levels in a range  

divided by the width of the range 

Shriver and Atkins, Inorganic Chemistry 

Compare! 



Quantum Dots 
ÅSemiconductors of few nm exhibit a strong quantum size 

effect Č Quantum dots. 

ÅBohr exciton radius (aB, typical II-VI semiconductor ~5.0 

nm) is the limit size that a material maintains the 

continuous band structure.  

ÅSemiconductor nanocrystals of < aB in at least one 

dimension, the densities of electronic states are no longer 

continuous Č bandgap (Eg) can be fine-tuned simply by 

controlling their size and shape, without altering chemical 

compositions. 

Y. Li et al., Chem. Soc. Rev. 2011, 40, 5492. 



Quantum Mechanics 

Å Whenever the size of a physical system becomes comparable to the 

wavelength of the particles that interact with such a system, the 

behavior of the particles is best described by quantum mechanics. 

Ą discrete peaks in optical spectra: quantum confined, Quantum dots 

rationalize physical properties of nanoscale materials: electrical and 

thermal conductivity, absorption and emission spectra. 



From Atoms to Molecules and Quantum Dots 

MO theory (LCAO); Band theory 



Quantum Confinement in 

Semiconductor Nanoparticles 

Eg (quantum dot) = Eg(bulk)  

+ ( h2/8R2) (1/me + 1/mh)  

ï 1.8e2/4pee0R 

Eg = bandgap energy of a quantum dot or bulk solid 

R = quantum dot radius 

me = effective mass of the electron in the solid 

mh = effective mass of the hole in the solid 

e = dielectric constant of the solid 

e0 = permittivity of a vacuum 



CdSe semiconductor Quantum Dots 

Helmut Goesmann, Claus Feldmann, Angew. Chem., Int. Ed. 2010, 49, 1362-1395.  



Key Issues in Nanoparticle Synthesis 

T. Hyeon, Chem. Comm. (Feature Article), 

2003, 927, ñ Chemical Synthesis  

of Magnetic Nanoparticles.ò 
J. Park, et al. Angew. Chem. Int. Ed.  

(Invited Review) 2007, 46, 4630. 

Å  

Å Particle Size Control 

Å Shape control 

Å Large-scale Synthesis 

Size Uniformity 

S. Kwon and T. Hyeon 
Acc. Chem. Res. 2008, 41, 1696. 


