
The Program

• Lecture 1: Phase transitions in atomic and
molecular systems

• Lecture 2: Colloids as atoms
• Lecture 3: Hard spheres
• Lecture 4: Hard spheres + attraction
• Lecture 5: Rods
• Lecture 6: Platelets



Lars Onsager (1903-1976)

Physical Review (1942)Nobelprijs Scheikunde 1968



I-N ook bij colloïdale plaatjes

Isotroop Nematisch

oriëntatie-entropie neemt af

vrij volume-entropie neemt toe



Al-(OR)3 in acidic aqueous  solution

85 0C, 3 days
A.M. Wierenga, T.A.J. Lenstra, 
A.P. Philipse, 1998

gibbsite, Al(OH)3

F.M vd Kooij, HNWL, 1998

Coating PIB

500 nm





Isotroop-Nematisch fase-evenwicht
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The phases for hard disks & rods

concentration
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19%              28% 41% 47%

F.M. van der Kooij, K. Kassapidou, HNWL, Nature (2000)

KristalIsotroop Nemaat Columnair KristalIsotroop Nemaat Columnair

J.A.C. Veerman, D. Frenkel, Phys. Rev. A (1992)



Phase behaviour of the hard 
platelets
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F.M. van der Kooij, Thesis, Utrecht University (2000)



The columnar phase

180° 160° 140° 120° 100° 90°

columns of platelets:

hexagonal lattice
with spacing d

Bragg condition:
2 n d sin 2θ = λ

n = index of refraction ~ 1.5
2θ = Bragg-angle (measured)

d(100) = 215 nm

D. van der Beek, A.V. Petukhov, S.M. Oversteegen, G.J. Vroege, and H.N.W. Lekkerkerker, Eur. Phys. J. E (2005)



Columnar 
crystal: 

Hexagonal 
arrangement 
of columns

DUBBLE @ ESRF

A.V. Petukhov, D. van der Beek, 
S.M. Oversteegen, G.J. Vroege, HNWL
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SAXS on columnar phase
(SAXS = small-angle X-ray scattering)

• wall-oriented columnar 
phase, sampled head-on

• hexagonal pattern 
indicative of hexagonal 
stacking of columns

• orientational order 
extends over centimetres!

d(100) = 220 nm

A.V. Petukhov, D. van der Beek, R.P.A. Dullens, I.P. Dolbnya, G.J. Vroege, and H.N.W. Lekkerkerker, Phys. Rev. Lett. (2005)



Summary



Ordening in colloïdale
suspensies

concentratie

Fluïdum Kristal

Kristal

Kristal

Isotroop

Isotroop

Nemaat

Nemaat Smectisch

Columnair KristalIsotroop Nemaat Smectisch KristalIsotroop Nemaat Smectisch

KristalIsotroop Nemaat Columnair KristalIsotroop Nemaat Columnair

Alder en
Wainwright
(1957)

Frenkel, HNWL
en Stroobants
(1988)

Veerman en
Frenkel
(1992)



Photo Kandinsky

Bauhaus 1926



Oskar Schlemmer



Mixed shaped colloids: Spheres and 
Rods

500 nm

S.M. Oversteegen, G.H. Koederink, 
J.G.E.J. Wijnhoven & HNWL

C2W, 21 juni 2003
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Staven en bollen:  fasegedrag

Vliegenthart, Van Blaaderen, HNWL (1999);
Oversteegen, Wijnhoven, Vonk, HNWL (2003).







Platelets and spheres

100 nm

TEM of silica spheres 
and silica coated gibbsite plates Wijnhoven, Chem. Mater. 2004



Depletion Interaction Induced by Gibbsite Particles

Oversteegen & HNWL, Phys. Rev. E, 2003; J. Chem. Phys., 2004



CSLM of fluorescent silica spheres 
and silica coated gibbsite plates

Increasing Gibbsite Concentration
Oversteegen, Vonk, Wijnhoven, HNWL, Phys. Rev. E, 2005



StavenStaven en platen

Wensink, Vroege, HNWL (2001).



Staven en platen: fasegedrag
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THE END
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