
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 Energy

One face surface energy: g

27 cube: 27 x 6 g

3 x 9 cube line: 114 g

3 x (3x3) square: 90 g

3 x 3 x 3 cube: 54 g



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



fcc



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



Bandgap



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), 

http://en.wikipedia.org/wiki/Felix_Bloch
http://en.wikipedia.org/wiki/Wavefunction
http://en.wikipedia.org/wiki/Electron
http://en.wikipedia.org/wiki/Particle_in_a_one-dimensional_lattice_(periodic_potential)


The five fundamental two-

dimensional Bravais lattices 



Unit Cell







First Brillouin zone of FCC lattice 

showing symmetry labels 



Band Structures



Bohr Exciton Radius



Electron Sea



Surface Plasmonon



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.



Synthesis of Nanoparticles 

and Surface Modifications



Self-Assembly

• Static assembly

• Dynamic assembly

– RT = 8.314 J/mol x 300 = 2.4 kJ/mol

• Driving forces
– Chemisorption

– Surface effect

– Hydrophobic-hydrophilic

– Intermolecular forces

– Capillary force 



Langmuir-Blodgett Films



Langmuir-Blodgett Films



Isotherm



Self-Assemble Monolayer (SAM)

S-Au  25-30 Kcal/mole

Si-O 190 kcal/mole









Temperature Programmed Desorption



Self-Assembly

• Substrates

• Interstitial adhesion layer

• Noble metal layer

• Organo-sulfur



1. A solution of AgNO3 (1.0 x 10-3 M) in deionized water was 

heated until it began to boil.

2. Sodium citrate solution was added dropwise to the silver 

nitrate solution as soon as the boiling commenced. The color 

of the solution slowly turned into grayish yellow, indicating 

the reduction of the Ag+ ions. 

3. Heating was continued for an additional 15 min, and then the 

solution was cooled to room temperature before employing 

for further experimentation.

Synthesis of Silver Nanoparticles



1. Add 20 mL of 1.0 mM HAuCl4 to a 50 mL round bottom flask 

on a stirring hot plate.

2. Add a magnetic stir bar and bring the solution to a boil. 

3. To the boiling solution, add 2 mL of a 1% solution of 

trisodium citrate dihydrate

4. The gold sol gradually forms as the citrate reduces the 

gold(III). Stop heating when a deep red color is obtained.

Synthesis of Gold Nanoparticles



1. Under vigorous stirring, 1 ml of the silver/ gold colloids solution was mixed with

250 mL of isopropanol and 25 mL of deionized water.

2. Immediately after the addition of 4 mL of 30% ammonium hydroxide, different

amounts of tetraethoxysilane (TEOS) were added to the reaction mixture.

3. To obtain different silica layer thicknesses, TEOS solutions with a concentration

between 50% and 100% was added to the suspension. The reaction was stirred

at room temperature for 30 minutes and then was allowed to age without

agitation at 4°C overnight.

4. Each suspension of silica-coated silver/gold nanoparticles was washed and

centrifuged, followed by re-suspension in water. The thickness of the silica

layers was determined from TEM images .

Construction of Core Shell Ag/Au@SiO2 Nanoparticles 



Core-Shell Nanoparticles







1. To the magnetic nanoparticle suspension obtained from commercial company, 

add 50 ml of a solution of Au (III) salt or Ag (I) salt at concentration of 0.01–1% 

mmol/L , shaking for 30 minutes, allowing Au (III) or Ag (I) ion to absorb on the 

surface of magnetic nanoparticle sufficiently, 

2. Then adding 15–40 ml of reducing agent, such as hydroxylamine hydrochloride 

at concentration of 40 mmol/L, reacting for 5–40 minutes.

3. Further adding 1–10 ml of a solution of Au (III) salt or Ag (I) salt at concentration 

of 0.01–1%, shaking for 10 minutes, coating a reduced layer of gold or silver on 

the surface of the magnetic nanoparticle, forming super-paramagnetic 

composite particles having core/shell structure, separating magnetically, 

washing repeatedly with distilled water. 

. 

Preparation of Fe3O4@Ag/Au



Synthesis of Quantum Dots





Template Synthesis



Porous Materials

• AAO

• MCM-41

• Micro: < 2nm

• Meso:

• Macro: > 50nm

Santa Barbara Amorphous type material, or SBA-15 

Mobil Crystalline Materials, or MCM-41 



AAO











Polymer



Block copolymer



Phase Segregation



Self-Assembled Block-copolymer



CNT


