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Phase Behavior, Structure, and Assembly of Colloidal Microspheres
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Binary Systems: Microsphere-Nanoparticle Mixtures
Factors dictating binary system kinetics, phase behavior, and structure
o Individual stabilities (attractive, hard-sphere, soft-sphere)

Cross stability (heteroflocculation, depletion, “haloing”)

Size ratio (a,,0/@micro)

Number ratio (N, ,no/Nmicro)

Absolute concentrations (f ..o, fmicro)

Strength/Specificity of binding forces

o Non-specific (van der Waals, electrostatic)

o Specific (antigen-antibody, complementary DNA strands)




Binary Systems: Microsphere-Nanoparticle Mixtures

Factors dictating binary system kinetics, phase behavior, and structure

o Individual stabilities (attractive, hard-sphere, soft-sphere)
Cross stability (heteroflocculation, depletion, “haloing”)
Size ratio (a,,0/@micro)

Number ratio (N, .no/Nicro)

Absolute concentrations (f .m0,  micro)

Materials:

Microspheres: Nanoparticles:

o Monodisperse SiO, o Polystyrene (fluorescent)
o 2a=1.18mn o 2a=21nm

o Sulfate or Amidine Latex
Fluids:
° H,O
o Glycerol/H,O for index-matching




Binary Systems: Microsphere-Nanoparticle Mixtures

Haloing (pH = 3) Strong Adsorption (pH = 7)
» -1 mV (2a=1.18 mm) Zmicro » "0 MV
» -120 mV (Sulfate) (2a=21 nm) Zoano > 95 MV (Amidine)
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Binary Systems: Microsphere-Nanoparticle Mixtures

Haloing (pH = 3) Strong Adsorption (pH = 7)
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Phase Behavior of Microsphere-Nanoparticle Heteroflocculation

Two main factors determined
from LS and rheology:

o Size ratio (a,,,./a

HHCFO)

o Number ratio (N,/Nicro)

Dumont et al, Col. and Surf., 1990
Luckham et al, Col. and Surf., 1979
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Local structure of these systems has
not been previously investigated.




Confocal Imaging of Microsphere-Nanoparticle Heteroflocculation

Charge .18mm SiO, with 21nm PSin H,O at pH =7
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3D Confocal Image Processing Confocal Microscope Schematic

Schematic based on R.E. Rowland and
E. M. Nickless. Bioscene, 2000.




3D Confocal Image Processing Confocal Microscope Schematic

Nanoparticles Glycerol/H,O
(not visible) — « (Index-matching) .-

Microspheres

Schematic based on R.E. Rowland and
E. M. Nickless. Bioscene, 2000.
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3D Rendering of particle locations

In collaboration with E.R. Weeks - Analysis based upon
J. C. Crocker and D. G. Grier, J. Colloid Interface Sci. 179, 298 (1996).




Confocal Imaging of Microsphere-Nanoparticle Heteroflocculation
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3D Structure of Microsphere-Nanoparticle Heteroflocculation

1.18 mm SiOz, 21nm APS, pH =7
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3D Structure of Microsphere-Nanoparticle Heteroflocculation

f oano= 2.5x107° 1.18 nm SiOz, 21nm APS, pH = 7
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Center-to-center spacing (mm)

N . /N

nano’ ' “micro




3D Structure of Microsphere-Nanoparticle Heteroflocculation

1.18mm SiO, with 21nm PS
in Glycerol/H,O

Re-stabilization (N, no/Nmicro® N¢)
(Gel ® Fluid)

Bridging (as low as #NN ~ 3)
(Gel)

Charge-stabilized (N, ;o/Nmicro < 1)
(Fluid)




3D Structure of Microsphere-Nanoparticle Heteroflocculation

1.18mm SiO, with 21nm PS
in Glycerol/H,O

- Trend consistent with kinetics of flocculation
estimated by light scattering and sedimentation
height

(Dumont et al, Col. and Surf., 1990).

- VP distribution broadens with increasing strength of
attractions.

(P. Varadan and M.J. Solomon, Langmuir, 2003).

- Narrow distribution when charge-
stabilized fluid




Bio-Colloidal Interactions

Control colloidal kinetics, phase behavior, and structure
via specific forces

o Irreversible or reversible bonds dependent on chemical
or biological species in solution or temperature

o Control site- and orientation specific-binding

A.L. Hiddessen et al.,Langmuir (2001) V. T. Milam et al., Langmuir (2003)




Bio-Colloidal Interactions

o Selective phase transitions
o Colloidal gels
o Stress sensitivity

/ o Porosity
o Chemical entrapment
\ o Colloidal crystals
o Periodicity/Porosity
o Chemical/Thermal sensitivit

C.E. Snyder et al.,Langmuir (2005)

A.L. Hiddessen et al.,Langmuir (2001) V. T. Milam et al., Langmuir (2003)




Summary: Microsphere-Nanoparticle Mixtures

Phase behavior, structure, and assembly of microsphere-nanoparticle mixtures
have been studied :
Strong Adsorption (heteroflocculation):

@ Structure heterogeneity is sensitive to binding density (N..../N

@ Used direct visualization and quantitatively assessed the 3D structure of
both gel and crystal phases assembled from these mixtures.

nano micro)

Want to direct assembly by dictating specific forces:
@ Create reversible phase transitions and structures of specified fractal and/or
crystalline structure sensitive chemical or physical properties

o Self-assembly of Microsphere-Nanoparticle systems to
sample and detect biological agents
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Colloidal Assembly — Overview

Control particle interaction via:

) pH
Additives
e Polymers
« Nanoparticles
Surface Chemistry
Steric interations
Body forces

A.L. Hiddessen et al., V. Tohver et al.,
Langmuir (2001) PNAS (2001)




