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Many properties are not ‘additive’. For example, AC conductivity, mechanical strength, 
melting temperatures, chemical activity, magnetic and opto-electronic properties are
often determined within a finite surface layer, attaining their maximum value only after 
a certain critical ‘skin-depth’ or ‘proximity length’, λ, from the surface has been reached. 
The most common expression for such a property is: ( )/ .( ) ( )r
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where x is the distance from the surface, and r is the atomic or molecular size. 

Surface-area-to-volume scaling effects: skin depths and proximity lengths
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The figure shows plots of Ibulk for various values of Ir/I∞ vs the normalized skin depth, λ/r. 
Note how the bulk properties of nano-structured materials can peak at a particular radius 
R of their constituent nanoparticles even though the properties of the individual nano-
particles do not peak at any particular size. 4

For a nano-structured material composed of nanoparticles of radius R, putting x=R, the 
bulk intrinsic property of the material is therefore
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Different intermolecular and interparticle forces, 
some short-ranged, some long-ranged.

In liquids

In air

Magnetic and electrostatic, 
including externally applied 
forces
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Self- and directed-assembly

Missing phases (phase transitions) in nanoparticle assemblies
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AFM, STM, probe
microscopies
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Surface Forces Apparatus (SFA)

FECO fringe pattern 
gives shapes and

separation of
surfaces to ~1Å

Thin-film rheology
Tribology (friction)

Normal
forces
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Various types of randomly rough, patterned and 
nanoparticle-coated surfaces studied by SFA

M. Benz et al., J. Phys. Chem. B (2006) 110, 11884.
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CNTs between two mica surfaces
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Engineered nano-structured materials
[smart, adaptable, switchable, responsive, ….]

20



Bioengineered soft, cell-like structures
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Biological nanostructures

The surfaces of gecko toes
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The bottom’s 
full. But there’s 
plenty of room 
in the middle.

There’s plenty of 
room at the bottom.

2008

Feynman (1959)
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