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Surface modification of material—whether physisorbed or covalently-bound species—can dramatically alter surface chemistries and ultimate performances without requiring alterations to the underlying bulk substrate (Rakhmatullina, 2007).  We are interested in grafting polymers, specifically stimuli responsive polymers, to change the surface properties, and also build-in a way to manipulate these properties in response to an external stimulus. In this study, a pH responsive material, poly(methacrylic acid) (PMAA), is grafted onto gold-coated silicon substrates and then combined with amine-functionalized magnetic nanoparticles to create a multifunctional nanocomposite surface. The substrates have potential for applications involving heavy metals removal, corrosion resistance, heat conduction and dissipation, and bacteria inhibition/removal. 

Other research studies have examined stimuli responsive polymer brushes and magnetic nanoparticles for removal of heavy metals. Specifically, stimuli-responsive polymer brushes have been used to selectively remove metal ions (Azzaroni, 2012) and improve metal ion sensitivity for sensor applications (Schuwer, 2011). Magnetic nanoparticles have been used previously for the removal of heavy metals due to their high surface areas and, if porous, high pore volumes, uniform pore structures, and structured porous channels (Xin, 2012). By combining these polymer brushes and magnetic nanoparticles, a novel nanocomposite could result allowing for enhanced loading and efficiency in sensing and/or removing heavy metals. Moreover, polymer-magnetic composites can be used for bacterial growth inhibition/removal and cancer treatment via hyperthermia. These multifunctional nanocomposites containing both polymer brushes and magnetic nanoparticles have unique potential for novel properties in a wide range of application areas.
In this study, we explore the synthesis and characterization of PMAA polymer brushes on a planar substrate combined with magnetic nanoparticles to form a unique multifunctional nanocomposite. First, gold (Au)-coated silicon wafers were functionalized with a self-assembled monolayer (SAM) using a thiolated bromine-based initiator, (bis[2-(2-bromoisobutyryloxy)undecyl] disulfide). The bromine-based initiator then provided the site for growth of the PMAA polymer chains surface-confined atom transfer radical polymerization (ATRP). ATRP is a controlled polymerization technique that allows for the formation of well-controlled polymer molecular weight (Matyjaszewski, 2009). In this study, the SAM deposition and ATRP polymerization reactions were performed under different mixing conditions to determine the effect of mixing on the thickness and uniformity of the polymer brushes and incorporated nanoparticles. PMAA was chosen due to the pendant carboxylic acid functionality, since when exposed to different pH values these carboxylic acids protonate/deprotonate producing a change in thickness and a swelling/contracting response in the polymer brush. 
Once the PMAA polymer brushes were produced, amine-functionalized magnetic nanoparticles (A-MNPs) were introduced.  These A-MNPs have shown promising results for high heavy metal adsorptions due to the strong affinities between nitrogen and the metal ions (Huang, 2009). Modifications take place following a carbodiimide crosslinking reaction between the amine-functionalized group of the magnetic nanoparticle (–NH2) and the corresponding –COOH groups from poly(methacrylic acid). The –COOH groups were activated by combining N-hydroxysuccinimide (NHS), and 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride (EDAC) in water. Then, A-MNPs were added to the solution containing the Au-PMAA substrate and allowed to react (Zhang, 2008). The AMNPs were expected to bind to the PMAA via the COOH groups present in PMAA through the carbodiimide reaction.
To confirm the synthesis and reaction steps of PMAA and the binding A-MNPs and PMAA polymer brushes, multiple techniques were used at each step of the process. These techniques included dry and in situ ellipsometry to find thickness, Fourier-transform infrared spectroscopy (FTIR) to determine different chemical functional groups, contact angle to measure the wettability, and atomic force microscope (AFM) to determine changes in morphology.
Results show that, for the first time, A-MNPs nanoparticles were combined with a polymer brush tethered to a surface. IR absorbance characterization showed that when the amine-functionalized nanoparticles were added to PMAA by carbodiimide activation, the carbonyl absorption peaks shifted from 1575 and 1700 cm-1  to 1760 and 1805 cm-1 indicating COOC=NR, and RCOOR' esters bonds present in the nanocomposite structure (Kozlovskaya, 2006). Additionally, AFM images showed morphology changes in the PMAA polymer brush after the nanoparticles were reacted to form the nanocomposite structure. Height sensor and in-phase images confirmed the attachment of nanoparticles to the polymer brushes. Ellipsometry characterization showed an increase in thickness confirming attachment of nanoparticles. Finally, contact angle measurements showed an increase in hydrophobicity for the newly created multifunctional surface resulting from a decrease in the capability of the surface to create hydrogen bonds with water after the elimination of carboxylic acids during the carbodiimide reaction.  Details of the synthesis and characterization of novel these pH-responsive, multifunctional nanocomposites will be presented.  
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