


Nanomaterials
• Metals and Alloys

– Fe, Al, Au
• Semiconductors

– Band gap, CdS, TiO2, ZnO
• Ceramic

– Al2O3, Si3N4, MgO, , SiO2, ZrO2

• Carbon based
– Diamond, graphite, nanotube, C60, graphene

• Polymers
– Soft mater, block co-polymer

• Biological
– Photonic, hydrophobic, adhesive,

• Composites



Surface to Volume Ratio



Surface to Volume Ratio
Au: AAA 
Atomic mass: 196.967
Density 19.31
Radii =0.144 nm

Number of Au atoms in 1 m 3.4 109

Volume of Au atom 4.19 1028

Surface area Au atom 7.22 1019

Surface/volume ratio 1.72 10-9
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Packing Fraction



Surfaces

• Collective surface area of nanocube 1 nm
• Porous materials

– Micropore (<2 nm)
– Mesopore (2 nm ~ 50 nm)
– Marcopore (> 50nm)

• Void volume
– Vpore/Vmaterial



Bandgap
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Density of State



Particle in a Box



Particle in a Box 





Wave Functions



Linear combination of atomic 
orbitals molecular orbital method



Oxygen











Bloch wave

A Bloch wave or Bloch state, named after Felix 
Bloch, is the wavefunction of a particle (usually, 
an electron) placed in a periodic potential. 

ϵn(k) = ϵn(k + K), 



The five fundamental two-
dimensional Bravais lattices 



Unit Cell







First Brillouin zone of FCC lattice 
showing symmetry labels 



Band Structures



Bohr Exciton Radius





CdSe





Electron Sea



Surface Plasmonon



TiO2



Zeolite



Carbon



Polymer



Nature Materials

http://www.botanik.uni-bonn.de/system/lotus/en/
lotus_effect_html.html

http://nano.nchc.org.tw/photonic/ch1.php



Surface Energy

One face surface energy: 
27 cube: 27 x 6 
3 x 9 cube line: 114 
3 x (3x3) square: 90 
3 x 3 x 3 cube: 54 



Contact Angle



Young’s Equation



Surface Energy Minimization

• Surfactants
• DLVO
• Polymeric
• Nucleation
• Ostwald Ripening
• Sintering
• Restructure



Surfactant



DLVO Theory

VT = VA + VR + VS

VA = -A/(12 π D2)

VR = 2 π ε a ξ2 exp(- κD) 

A is the Hamaker constant and D is the particle separation 

a is the particle radius, π is the solvent permeability, 
κ is a function of the ionic composition and ξ is the zeta potential 





DLVO Theory



Two main mechanisms are shown here: a, coalescence sintering, and b, Ostwald ripening sintering. 
Coalescence sintering occurs when two clusters touch or collide and merge to form one bigger 
cluster. In contrast, Ostwald ripening sintering occurs by evaporation of atoms from one cluster, 
which then transfer to another. This is a dynamic process — both clusters exchange atoms, but the 
rate of loss from the smaller cluster is higher, because of the lower average coordination of atoms at 
the surface and their relative ease of removal. Thus big clusters get bigger at the expense of smaller 
clusters, which shrink and eventually disappear. The latter process is the usual form of sintering for 
metal clusters on a supported surface that are well spaced apart, although coalescence can occur 
for a high density of clusters. In general, the presence of the surface results in SMORS (surface-
mediated Ostwald ripening sintering) in which material is transferred from one cluster to another by 
diffusion across the surface, and not through the gas phase.


