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Introduction
• Pharmaceutical nanotechnology is a term applied to the 

design, characterization and production of pharmaceutical 
materials, structures and products that have one or more 
dimensions between approximately 1 and 100 nm.

• However an upper limit of 1000 nm is often considered.
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Introduction to Nanoparticle (NPs) properties
➢ NPs offer unique properties as compared to micro or 

macroparticles. Main features include the following:
1.  Small size.
2.  High surface area.
3.  Easy to suspend in liquids.
4.  Deep access to cells and organelles.
5.  Variable optical and magnetic properties.
6.  Particles smaller than 200 nm can be easily sterilized by 

filtration with a 0.22-m filter.
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Surface area
• For a spherical solid particle of diameter d and solid density, S, surface 

area per unit mass, Sg, is given as

• If the molecular diameter is , then the percentage of molecules on the 
surface monolayer is given as
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❑ Because of the difference in the percentage of surface 
molecules, the dissolution rate is much higher for the NPs 
when compared to microparticles.
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Nanoencapsulation
Surface area
• NPs can show a strong adhesion because of the increased 

contact area for van der Waals attraction.

• For example, Lamprecht et al. (Pharm Res 2001; 18:788–793.) 
observed differential uptake/adhesion of polystyrene particle to 
inflamed colonic mucosa, with the deposition 5.2%, 9.1%, and 
14.5% for 10-m, 1000-nm, and 100-nm particles, respectively.
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Surface area and aggregation
➢ Given their large surface to volume/weight ratios, NPs are prone 

to aggregate. 

➢ Therefore additives are normally added to reduce aggregation.

➢ However, the formulation of a stable nanoparticle suspension in 
the laboratory is one thing, and the maintenance of the 
monodisperse state in vivo is another. 
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Surface area and aggregation
➢ Particles in blood, gut, nose, or lungs have moved from an aqueous-based 

medium to a more complex biological situation. 

➢ Aggregation

1.  changes the hydrodynamic size of the particles,

2.  affects their diffusion and extravasation, and

3.  reduces the effective surface area for interactions with receptors.

➢ The prevention of aggregation is sought by different approaches such as PEGylation 
(covalent attachment of PEG chains to the hydrophobic surface of the particles).
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• Furthermore, particles below 1000 nm in 
size will not settle merely because of 
Brownian motion. 

• This imparts an important property to 
NPs, that they can be easily kept 
suspended despite high solid density. 

• Large microparticles easily settle out 
from suspension because of gravity

Stokes-Einstein equation:

➢ D = Brownian diffusion,
➢ T = absolute temperature, 
➢ d = diameter,  
➢ = viscosity of liquid, 

12
12

3
1038.1 −

−
= sm

d
TD



Introduction to nanoparticle properties

13

14

13

14


