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            Abstract
New functional materials can in principle be created using colloids that self-assemble into a desired structure by means of a programmable recognition and binding scheme. This idea has been explored by attaching â€˜programmedâ€™ DNA strands to nanometre-1,2,3 and micrometre-4,5 sized particles and then using DNA hybridization to direct the placement of the particles in the final assembly. Here we demonstrate an alternative recognition mechanism for directing the assembly of composite structures, based on particles with complementary shapes. Our system, which uses Fischerâ€™s lock-and-key principle6, employs colloidal spheres as keys and monodisperse colloidal particles with a spherical cavity as locks that bind spontaneously and reversibly via the depletion interaction. The lock-and-key binding is specific because it is controlled by how closely the size of a spherical colloidal key particle matches the radius of the spherical cavity of the lock particle. The strength of the binding can be further tuned by adjusting the solution composition or temperature. The composite assemblies have the unique feature of having flexible bonds, allowing us to produce flexible dimeric, trimeric and tetrameric colloidal molecules as well as more complex colloidal polymers. We expect that this lock-and-key recognition mechanism will find wider use as a means of programming and directing colloidal self-assembly.
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                    Figure 1: 
                        Fabrication of lock particles.
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Figure 2: 
                        Lockâ€“key interactions.
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Figure 3: 
                        Selectivity of the lockâ€“key reversible binding.
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Figure 4: 
                        Temperatureâ€“controlled lock-key self-assembly and electric field manipulation.
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Figure 5: 
                        Flexibility of the lockâ€“key junctions in self-assembled colloidal molecules and polymers.
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Supplementary Movie 1
This movie file shows the sequential self-assembly of a flexible colloidal molecule via our novel recognition mechanism. A lock-key complex forms only when a matching key particle (here a 1.57Î¼m silica sphere) docks at the lock cavity site (green arrow). All other configurations result in repulsive interactions (red arrow). A key particle can accommodate more than one lock. The movie was acquired at 1 fr/s and it is displayed at 8.7 fr/s. (MOV 2937 kb)


Supplementary Movie 2
This movie file shows the simultaneous unbinding of two lock-key complexes controlled by temperature. When the temperature is raised the depletant shrinks (pNIPAM microgel particles not visible in the movie) and the attractive depletion potential falls below that required for binding. As a result, the locks release their bound keys. The movie was acquired at 10.7 fr/s and it is displayed at 12.8 fr/s. (MOV 2210 kb)


Supplementary Movie 3
This movie file shows self-assembled colloidal molecules with flexible bonds between their constituent particles. The flexibility is given by ball-and-socket joints held together by the depletion force. Movies were acquired at 1 fr/s and they are displayed at 10 fr/s (MOV 395 kb)


Supplementary Movie 4
This movie file shows self-assembled colloidal molecules with flexible bonds between their constituent particles. The flexibility is given by ball-and-socket joints held together by the depletion force. Movies were acquired at 1 fr/s and they are displayed at 10 fr/s (MOV 1062 kb)


Supplementary Movie 5
This movie file shows a freely diffusing flexible colloidal polymer consisting of interconnected locks. The movie was acquired at 10.7 fr/s and it is displayed at 23.5 fr/s. (MOV 1680 kb)


Supplementary Movie 6
This movie file is showing a typical, randomly selected "full field of view" of our sample containing ~60Ã— lock-key assemblies. (MOV 4955 kb)
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        Editorial Summary
The key to self-assembly
Many functional materials can be created by directing the assembly of colloidal particles into a predetermined structure. Control over particle assembly usually involves tagging them with molecules such as DNA that can recognize and bind each other. But new work shows that shape complementarity â€” the construction of colloids using a lock-and-key recognition mechanism â€” offers a simple and effective alternative control mechanism. The keys are colloidal spheres, and monodisperse colloidal particles with a spherical cavity are the locks. The two will spontaneously and reversibly bind via the depletion interaction if their sizes match. This procedure yields complex colloidal structures held together by flexible bonds, and offers a simple yet general means to program and direct colloidal self-assembly.
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