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            Abstract
The assembly of complex structures out of simple colloidal building blocks is of practical interest for building materials with unique optical properties (for example photonic crystals1 and DNA biosensors2) and is of fundamental importance in improving our understanding of self-assembly processes occurring on molecular to macroscopic length scales3,4,5. Here we demonstrate a self-assembly principle that is capable of organizing a diverse set of colloidal particles into highly reproducible, rotationally symmetric arrangements. The structures are assembled using the magnetostatic interaction between effectively diamagnetic and paramagnetic particles within a magnetized ferrofluid. The resulting multipolar geometries resemble electrostatic charge configurations such as axial quadrupoles (â€˜Saturn ringsâ€™), axial octupoles (â€˜flowersâ€™), linear quadrupoles (poles) and mixed multipole arrangements (â€˜two toneâ€™), which represent just a few examples of the type of structure that can be built using this technique.
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                    Figure 1: 
                        Illustration of magnetic assembly in colloidal particle mixtures.
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Figure 2: 
                        Assembly of â€˜Saturn-ringsâ€™ particles and their statistical distribution.
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Figure 3: 
                        Experimental phase diagrams and critical behaviour.
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Figure 4: 
                        Demonstration of multi-component particle assembly.
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A flowering of colloids
The controlled assembly of complex structures from simple colloidal building blocks can produce materials with properties useful in photonics, as biological sensors and elsewhere. A new method of assembling complex colloidal structures in bulk fluid by applying a magnetic field to a mixture of colloidal particles of different size, magnetization and composition is now reported. The shapes that can be obtained when these particles are suspended in a ferromagnetic fluid resemble electric charge distributions such as quadrupoles and octupoles, generating a variety of complex structures including ring- and flower-shaped assemblies. The repulsion that exists between two assembled particles also prevents the formation of clusters. 
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