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The main goal of this research is to develop new nanomanufacturing techniques capable of linking a wide range of materials of different lengths and properties to yield various functional materials (e.g., responsive coatings and drug delivery systems) and active nanodevices (e.g., sensors and microactuators). In particular, we synthesized and studied hierarchical assembly of 2- and 3-dimensional hybrid (organic-inorganic) nanostructures combining two building blocks: inorganic nanoparticles and surface-functionalized high-aspect-ratio composite polymeric nanofibers. Our ultimate goal is creating a structure around the nanofibers that can switch wettability properties when a magnetic field is applied (Fig.1). 
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Fig 1. Control of wettability by a magnetic field

The nanofibers were made of cross-linked polymers by a template method (Fig.2).
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Fig 2. Schematic of the fabrication of composite nanofibers
The nanofibers were made of cross-linked polymers by a template method. Commercial alumina membrane filters were used as templates. Such templates are characterized by low polydispersity and are available in a variety of pore sizes. The method was used to prepare either suspensions or substrate-supported arrays of the nanofibers (Fig. 3).
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Fig 3. The exposed nanofibers

Various functional nanoparticles were incorporated into the nanofibers. For example, magnetic nanoparticles introduced inside the nanofibers allowed for manipulations of the single nanofibers and actuation of the nanofibers' arrays with an external magnetic field. 
To control interactions between nanofibers and their environment the composite nanofibers were surface-modified with polymers. Polymer brushes (Fig. 4) and polyelectrolyte multilayers prepared by the layer-by-layer deposition method (Fig. 5) were employed to reach this objective. 
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Fig 4. Polymer brushes method schematics                                     Fig 5.  Layer by layer method schematics

Polymer brushes refer to an assembly of polymer chains which are tethered (usually covalently bounded) by one end to a surface or interface. The brushes are ideal building blocks for soft nanotechnology and the engineering of surfaces.
 Covalent attachment of polymer brushes can be achieved by binding pre-synthesized end-functionalized polymer chains to a suitable substrate (“grafting to” approach). This produces a low grafting density, and consequently a film with the thickness of about 5-10 nm.
  (Fig. 6)
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Fig 6. Schematic of the multi-step surface functionalization of nanofibers
Hydrophilic brushes were formed from poly(ethylene glycol) (PEG) which is often used in biology for its anti-adhesive properties.
 Hydrophobic surfaces were prepared by grafting of poly(dymethylsiloxane) (PDMS) chains to a surface. To obtain a charged surface, brushes from a cationic polylectrolyte, more specifically poly(vinyl pyridine) (PVP), were synthesized. Brushes from weak polyelectrolytes (like PVP) are known to demonstrate pH-dependent wetting behavior.4 
Layer-by-layer film can be created from polyelectrolytes that are oppositely charged. Such polyelectrolyte multilayers have a variety of applications, such as biosensors and membranes. 
,
  The LbL method is simple and versatile and is used to construct ultra thin organic films with controlled thickness in the nanometer range.
 The polyelectrolytes used were poly(dimethyl-ammoniumchloride) (PDDA) and poly(sodium4-styrenesulfonate) (PSS). LbL served as a substrate for the functionalization of the fibers with nanoparticles. 

The layer-by-layer method was successfully achieved, and so were the polymer brushes. Fibers were fabricated as stated above. The LbL though appeared to have partially detached under TEM microscope (Fig. 7). 
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Fig 7. TEM image of the isolated nanofibers showing partial detachment of the LbL 

To improve the stability of the LbL, new polyelectrolytes were used. The first layer consisted of polyethylenimine (PEI). The subsequent four layers were alternations of polyacrylic acid (PAA) and of poly(allylamine hydrochloride) (PAH). The interactions between these polyelectrolyte layers appear to be stronger than the PSS-PDDA LbL, not allowing for detachment from the nanofibers. 
Atomic Force Microscopy, contact angle method, TEM, and ellipsometry were used for the characterization of the layers. 
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