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Difficult to Disperse or Assemble

"Bare” Nanoparticles

20 = A LOT OF
VAN WASTE

Conventional Colloids: = = <~—/ ! ¢ ! 11
Dispersant: ~1% volume

‘ Nanoparticle Forces are POORLY UNDERSTOOD!




van der Waals and

Electrostatic Forces:
DLVO theory

Solvation Forces:
Solvent Ordering

Depletion Forces:

Entropic

ow Do These Work for
olloidal Nanoparticles?




Particle force light scattering (PFLS) for nanoparticle forces

- Ofoli & Prieve, Langmuir,
13, 4837 (1997)
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Solvent: Lennard-Jones
Liquid, n-Decane ( >10°
Atoms)

Nanoparticles: Solid
Clusters of Atoms

Solvophilic Nanoparticles:
(25,=2.0 ¢ z)

Solvophobic Nanoparticles:
(e5,50.2 ¢ 4)

Beowulf Cluster: Cruncher






Free Energy Change

Solvation Force
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Solvophilic Solvophobic
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Derjaguin Approximation Derjaguin Approximation Works
Describes the Envelope
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AAI(2Acpc?) or F2V/(TiDps?)
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Particle orientation significantly affects the
force profile: Particles will Rotate in Solution
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n-Decane Length Comparable
to Nanoparticle Diameter




* Solvation forces can be important for colloidal
nanoparticles

* Solvation forces are strongly dependent on
particle size, shape, surface roughness,
particle-solvent interactions, and solvent
structure

* Solvent-nanoparticle suspensions can be
engineered for stability, assembly,
environmental impact-......



