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This talk will highlight our recent efforts in developing a new toolbox of strategies to sculpt 

the structure and chemistry, and direct the assembly, of nanostructures for applications. I will 
first describe a substrate-selective chemical vapor deposition method to grow carbon nanotube 
bundles of controllable lengths and premeditated orientations at select locations on planar and 
curved surfaces. Key aspects of scaling behavior of oriented growth and electrical transport 
mechanisms in the nanotube assemblies will be discussed. I will then present new scalable 
approaches to fabricate hybrid nanostructures by derivatizing nanotubes with other 
nanostructures through the use of ion irradiation, microwave stimulation and current injection. 
These methods allow functionalization of preselected segments of nanotubes, or rapid (~seconds-
minutes) derivatization via functionalization, in situ nanoparticle synthesis and anchoring—all in 
a single step, or chemically modification of selected portions of nanotube networks.  

In the second part of my talk, I will demonstrate the first-time fabrication of assemblies of 
high magnetic coercivity FePt nanoparticles and nanorods of high figure-of-merit Bi2Te3 
thermoelectrics.  Encapsulating the nanoparticles by a silica shell during synthesis from 
microemulsions not only obviates particle coalescence during annealing treatments needed to 
obtain the high coercivity L10 phase, but also facilitates particle functionalization and thin film 
assembly. A method to molecularly braid the nanoparticles into chains using polyelectrolytes and 
dibinding molecular couplers will also be described. I will briefly illustrate the formation of 
straight and branched architectures of single-crystal bismuth telluride-sulfide core-shell 
nanorods, where crystallographic-twinning-induced branching is tailored by manipulating 
surfactant desorption dynamics. I will conclude with a first-time demonstration of a colossal 
factor-of-7 increase in fracture toughness of a Cu/silica thin film interface through the use of a 
molecular nanolayer, and elucidate the molecular-level toughening mechanisms.  
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