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Materials that change shape, structure, mechanical, chemical or biological performance in response to an applied stimulus or in response to a localized change in conditions have often been referred to as smart materials.  The ability to form smart, responsive polymer materials is critical in numerous applications ranging from biomaterials to micro- and nanotechnology to optical materials as well as many others.  Here, we have sought to create a wide range of tunable smart material structures based on both linear polymers and polymer networks wherein latent chemical functionality and hence responsiveness exists that is readily turned on or off to enable enhanced spatiotemporal control of the material and its response.  Two different approaches will be discussed including the formation of sequence controlled linear polymers in which the material response arises from the sequence of the polymer.  In particular, the development and implementation of click nucleic acids (CNAs) that utilize the thiol-ene click reaction to create a sequence controlled polymer of nucleobases will be discussed.  This distinct class of oligonucelotides combines the vast advantages of other synthetic oligonucleotides such as, for example, peptide nucleic acids with the power of click reaction chemistry to form materials that hybridize with both natural and synthetic olignonucleoitides via nucleobase pairing while enabling large scale production appropriate for directed assembly and other high value materials applications.  The second approach to responsive materials incorporates one or more switchable dynamic covalent chemistries into a polymer network to form a covalent adaptable network (CAN).  These CANs then have the ability to controllably alter the network structure in a manner that alters the topography and other material properties of the network.  In particular, the implementation of these networks to form complex shapes via photolithography while also being incorporated into atypical network structures such as particles and liquid crystalline systems will be presented. The capacity of these CANs to generate unique topographical, mechanical, and optical performance suitable for a range of applications will be discussed. 
