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In late 2004, we showed that suspended platinum/gold nanorods could swim up to 20 (m/s by catalyzing the decomposition of hydrogen peroxide. These were the first examples of nano/microscale objects outside biological systems that move through catalysis. We further demonstrated control over catalytic motors by designing platinum/gold structures with different geometries, such as “microgears” that rotate in hydrogen peroxide solutions (Figure 1). We have further expanded our work to include immobilized catalyst systems that can be used as micropumps. These silver/gold pumps (Figure 2) are capable of “pumping” tracer particles due to the electrochemical decomposition of hydrogen peroxide on the bimetallic surface.1
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	Fig. 1 (left). 100 (m diameter gold “microgears” with platinum “teeth” can rotate ~360o/sec in aqueous hydrogen peroxide systems.

Fig. 2 (below). A catalytic micropump consisting of a silver disk on a gold substrate. The electrochemical decomposition of hydrogen peroxide establishes a weak electric field. This field causes tracer particles to migrate towards or away from the silver depending on their surface charge. Particles migrating towards the silver follow electroosmotic convection (arrows) near the catalyst surface. 
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Most recently, we have discovered that the platinum/gold nanorods also exhibit chemotaxis (Figure 3),2 traditionally defined as the movement of "organisms" toward or away from a chemical attractant or toxin by a biased random walk process. Again, this is the first example outside living systems. Our work also reveals that chemotaxis does not require "temporal sensing" mechanism commonly attributed to bacteria.

[image: image3.jpg]25 microns




Reference

[2] Paxton, W.F.; Sundararajan, S.; Mallouk, T.E.; Sen, A. Angew. Chem. Int. Ed. 2006, 45, 5420-5429.

[1] Hong, Y.; Blackman, N.M.K.; Kopp, N.D.; Sen, A.; Velegol, D. Phys. Rev. Lett. 2007, 99, 178103-178106.
Fig. 3 (left). The changing distribution of platinum-gold rods in a hydrogen proxide concentration gradient. The gel (soaked in 30% hydrogen peroxide) appears in the upper left part. The images were taken at 0.7 hour, 38 hours, and 110 hours.








