


Atoms and molecules are generally 
less than a nm and we study them 
in chemistry. 

Quantum chemistry does not apply,
But the fundamental laws hold, and
And the system are not large enough
For classical laws of physics.









Overview of Nanoparticle
• Basic Concept

– Introduction of nanoparticles 125-70,000 atoms, < 100 nm
– Size Dependent Properties
– Colloidal Stability

• Wet Chemistry
– Metal Nanoparticles
– Semiconductor
– Ceramics
– Polymer nanoparticles

• Other Methods
– Mechanochemical Process
– VLC mechanism
– Combustion method





































Major efforts in nanoparticle synthesis can be grouped into two broad areas: 
gas phase synthesis and sol-gel processing. 
Additional nanoparticle synthesis techniques include sonochemical processing, 
cavitation processing, microemulsion processing, and high-energy ball milling. 



Sol-gel processing is a wet chemical synthesis approach that can be used 
to generate nanoparticles by gelation, precipitation, and hydrothermal treatment 





















The method, hydrothermal synthesis, is carried out using autoclaves. 
The autoclave must treated under 200 degree Celsius because the 
internal Teflon container is not durable over the temperature. A weighed 
amount of starting materials and water is mixed and sealed in the autoclave. 
The autoclave is kept in a temperature-controlled oven for planned time. 
Internal pressure depends on the temperature. 

















































Polymeric Nanoparticles
• Emulsion Polymerization

The "ingredients" for an emulsion polymerization include 1) a water soluble initiator, 
2) a chemical emulsifier, and 3) a monomer that is only slightly soluble in water, or 
completely immiscible. 

The two differences between emulsion and suspension polymerization are: 1) that a 
suspension polymerization is a mechanical process, and must have a stabilizing 
agent until the droplets are far apart, and 2) the emulsion polymerization is a 
chemical process which requires a surfactant to make the monomer "emulsify." 

Disadvantage- the surfactant is a soap and it contaminates the polymer.
Advantage- better heat control; the size of the emulsion polymer is usually 0.05 to 5 
microns, and the size of the droplets is usually in the 10- 1000 micron diameter 
range. 

Water-soluble initiators are used rather than monomer-soluble initiators. The end 
product is usually a stable latex--an emulsion of polymer in water rather than a 
filterable suspension. 



Overview of Polymeric Nanoparticles (PNP) Applications 

Cross blood-brain barrier,
Enzyme immunoassays,
Improve absorption,
Imaging

Polyalkylcyanoacrylate nanoparticles with 
peptides, Nanoparticles with adsorbed 
enzymes, Polyalkylcyanoacrylate
nanoparticles for transdermal applications, 
Nanoparticles with radioactive or 
contrasting agents

Other Applications 

Improve retention of drug/reduce washout
Polyalkylcyanoacrylate nanoparticles with 
steroids, Anti-inflammatory agents, 
Antibacterial agents for glaucoma

Ocular Delivery 

Enhance bioavailability, Protect from 
gastrointestinal enzymes

Polymethyl methylacrylate nanoparticles
with proteins and therapeutic agentsPeroral Absorption 

Enhance immune response, Alternate 
acceptable adjuvant

Polymethyl methylacrylate nanoparticles
with vaccines, Oral and intra-muscular 
immunizations

Vaccine Adjuvant 

Prolong systemic drug effect, Avoid 
uptake by the reticuloendothelial system

Polyesters with adsorbed polyethylene 
glycols, pluronics or derivatized polyestersProlonged Systemic Circulation

Target reticuloendothelial systems for 
intracellular infection

Polyalkylcyanoacrylate/polyester 
nanoparticles with anti-parasitic, 
antibacterial or antiviral agents

Intracellular Targeting

Targeting, Reduce Toxicity, Increase 
uptake, Improve stability

Polyalkylcyanoacrylate nanoparticles with 
anticancer agents, OligonucleotidesCancer Therapy

PurposeMaterialApplication




