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Fig. 1. Colloidal self-assembly and biomimetic materials
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Fig. 2. Tracking colloidal particles. (a), (b) Crystal nu-

cleation in a colloidal system. Facilitated with high-speed
camera and particle tracking technics, the motion of indi-
vidual particles can be followed and studied. The red and
green curves present the tracks of red and green particles

respectively.
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Fig. 3. Experimental colloidal systems. (a) Wigner crystal in colloids with long-range repulsive interaction; (b) de-

plete attraction induced by non-absorbing polymers; (c) systems with competing long-range repulsion and short-

range attraction can form finite clusters in equilibrium. Gelation occurs frequently in high volume fractions |

(d) two-dimensional colloidal systems controlled by electric field offers an useful tool for studying crystallization
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Fig. 4. Classical nucleation theory. Nucleation is a dy-
namical process controlled by the decrease of bulk free

energy and the increase of surface free energy, giving

rise to the energy barrier for nucleation (161,
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Fig. 5. Multi-step nucleation, (a)—(d) present a multi-
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are highlighted by red: (a) The initial amorphous nu-
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created by fluctuation; (d) a stable crystalline core is
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Fig. 6. Crystal growth observed in colloidal systems. (a) In colloidal systems, the dynamical processes such as

diffusion and step growth follow the similar principles as that in atomic systems (601, (b) the attraction between step

particles and the incoming particles can facilitate the particle transport between layers and reduce the roughness of

crystal surface [22],
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Fig. 7. Crystal defects. (a), (b) Defects in repulsive colloidal systems. The di-vacancies diffuse faster than mono-

vacancies. Reproduced with permission from Ref. [69]; (c)—(e) di-vacancies and tri-vacancies in attractive colloids [21].
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Fig. 9. Self-assembly of non-spherical colloidal particles (78],
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Fig. 10. Self-organization of self-propelled particles: (a) Collective motion; (b) vortex.
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Abstract

Colloidal particles in solution exhibit rich phase behaviors and behavior like “big-atom”. In the past decades,

as modelling systems, colloids have been widely employed in the study of nucleation, crystallization, glass transition
and melting. A number of advances have been achieved. These advances to a large extent extend and complete the
understanding of various phase transitions. Recently, a number of active fields are emerging with colloidal model
systems. In this review, the advances and the emerging fields are summarized. At the end, the potential directions and

the challenges for future studies are suggested.
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