Thermoresponsive Polymer Micropatterns Fabricated by Dip-Pen Nanolithography for a Highly Controllable Switchable Substrate with Potential Cellular Applications
We report a novel approach for patterning thermoresponsive hydrogels based on N,N-diethylacrylamide (DEAAm) and bifunctional Jeffamine ED-600 by dip-pen nanolithography (DPN).  The direct writing of micron-sized thermoresponsive polymer spots was achieved with efficient control over feature size.  A Jeffamine-based ink prepared through the combination of organic polymers, such as DEAAm, in an inorganic silica network was used to print thermosensitive arrays on a thiol-silanised silicon oxide substrate.  The use of a Jeffamine hydrogel, acting as a carrier matrix, allowed a reduction in the evaporation of ink molecules with high volatility, such as DEAAm, and facilitated the transfer of ink from tip to substrate.  The thermoresponsive behaviour of polymer arrays which swell/de-swell in aqueous solution in response to a change in temperature was successfully characterised by atomic force microscopy (AFM) and Raman spectroscopy: a thermally-induced change in height and hydration state was observed, respectively.  Finally, we demonstrate that cells can adhere to and interact with these dynamic features and exhibit a change in behaviour when cultured on the substrates above and below the transition temperature of the Jeffamine/DEAAm thermoresponsive hydrogels.  This demonstrates the potential of these micropatterned hydrogels to act as a switchable surface for cell growth.
Figure 1 - Reaction schemes for different polymer ink systems.
Figure 2 - Optical images, 3D AFM topography images and height profiles of Jeffamine and Jeff/DEAAm arrays. Raw AFM images as PNI files and data points for height profiles in excel workbook. AFM images were collected using SPM cockpit software and processed using SPIP to obtin height profiles and 3D images. 
Figure 3 - Plots of dwell time against height and diameter for Jeffamine and Jeff/DEAAm arrays.  Raw AFM images of the array spots for both ink systems, printed using varying dwell times. AFM images were collected using SPM cockpit software and processed using SPIP. Data points used in Figure 3 are included in excel file. 
Figure 4 - Comparison of Raman spectra of bulk material and array spots for Jeffamine and Jeff/DEAA ink systems. Raman spectra of bulk material and array spot for both Jeffamine and Jeff/DEAAm. Spectra were collected using WITec control software and exported to origin for processing.
Figure 5 - Raman spectra and AFM images of array spots in air and in water above and below the transition temperature of the thermoresponsive polymers. Raman spectra and AFM height profiles for arrays before and after heating. Raman spectra were acquired using WITec control software and exported to origin for processing.




