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Colloidal Particles
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Stability:
Short range repulsion
Sometimes a slight charge
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Colloid Particles are:

*Big Slow
e~ a~ 1 micron e 7~a%/D ~msto sec
«Can “see” them Follow individual particle dynamics

| Model: Colloid > Atom




Hard-Sphere Glasses

liquid - crystal
liguid  coexistence crystal

49% 54% 58% 63%

“supercooled” glass
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Maxi mu.m packing Maximum packi ng
Prcr=0-63 Prcp=0-74
Increase () => Decrease Temperature



Maximum packi ng
Picp=0.74

crystal
63%

Hard-Sphere Crystals
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Increase () => Decrease Temperature




Confocal Microscopy
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Brownian Motion in Real Time




Colloidal Crystals

Bragg scattering of visible light
Hexagonal close-packed layers (FCC/HCP)



X-ray scattering -> light scattering




logo(dN’/ dt)

Nucleation rates of
Colloidal Crystals
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Nucleation and Growth
A = 47R2
V = 4/37R8
= !
AG = 1A - AupV Q /\

| ~ exp[- AG(M_)/KST]




Nucleation rates not predicted correctly
Colloidal Crystals
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Nucleation rates not predicted correctly

Experiment
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Charge effects on crystal nucleation
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Colloidal suspension

‘0~23mm‘

goadgl PMMA (polymethylmethacrylate)

PHSA (poly—12—hydroxystearic) for steric stabilization

Fluorescent

Decalin + tetrachloroethylene



Phase diagram
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Phase behavior

V oronol tesselation

70°/6
V oronol volume

O=




Definition of crystallinity

Bond order parameters

V40 = (You (6.0))
TN > 05



Growth of crystalline phase
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M easure nucleation rates
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Nucleation rates
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Nucleation rates
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Reconstruction

Nucleus

Fluid phase - blue
Crystalline phase - red






Stepwise formation of an overcritical nucleus




C%ompare growing and shrinking nuclel
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Not only mass matters




Compare with the theoretical morphology

Experimental

Magic numbers



Distribution of colloidal crystal nuclel

R, M) = > RY expl- pG(MdARKET]
; > expl WG (M A Jp KT

B Zi Rg) exp(- YA, /kgT)
(RoM) - > exp(= YA, /kgT)




Nuclel adopt different morphologies
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Surface area of nucle

Experiment

Compact

y=0.5kgT/o?




Does morphology alter the free energy?
N(M) o exp( AG/kBT)
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Size distribution of nuclel
N(M) o< exp(-AG/k,T)
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Classical free energy: measure yand Au

AG = 7M230.545232 - AUM
A

AG(M)
Y?

Al =—"—0*yM_"*.0.545"




Size distribution of nuclel
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|ntroduce morphol ogi cal entropy

eAMMMT
*\ kgln€ = Ay'M + KglnM?
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Eddington, Kiang, Stauffer & Walker, PRL 26, 820 (1971)



Test the modified free energy
AG = 1A —AuM + K TInM?
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The full free energy
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Test predicted nucleation rates

A\

AG = 9A - AupV
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| ~ exp[-AG(M,)/kgT]




Test predicted nucleation rates

AG = 9A — AupV + K TInM
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Morphology of nuclel in atomic materials

Solid-Liquid Tensions
KHard) ~ 0.5 kT/c?
KGa) ~ 0.5 KT/ o2

KHg) ~ 0.3 KT/
ACu) ~ 0.3 KT/

%Au) ~ 0.2 KT/ > 1
KAl ~0.2KT/® =
KCharged) ~ 0.1 kT/c?

B. Vinet et a., J. Coll. Interf. Sci 255, 363 (2002)



Simulation of nucleation of Cu crystals

E 34.8 ps
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L. Zheng et al., JCP 127, 164503 (2007) 1 5 345 10 20
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Power-law distribution Fit with free energy using

crystal entropy




Hard-Sphere Glasses

liquid - crystal
liguid  coexistence crystal
49%  54% 98%  63% 7

“supercooled” glass
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Prcr=0-63 Prcp=0-74

Increase () => Decrease Temperature



Shear cdll

1 (micrometer screws)

<« (piezo)

4

silicon wafer

\ -
cover slip

PMMA coating

5mm

suoJdlw Q0T >



Shear profile

shear profile for ¢=60%
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Yield strain ALWAY Srequired for flow
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Yield strain ALWAY Srequired for flow
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Glasses : Shear strain network

R i Diffusion coefficient
- - .
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Effective diffusion coefficient
depends on shear rate
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Conclusions
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*Colloidal crystal nuclel are disordered
*Added entropic contribution to free energy
*FHowing glasses have effective T
*Deformable particles model ‘fragility’

Thank you for your attention

c% %§ Fast crystal nucleation
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