The application of 13C NMR spectroscopy for monitoring the conformation of organic molecules in montmorillonite interlayers
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The ability of clay minerals to incorporate organic species into their structures is of great interest for materials science. Frequently the organoclays, prepared through the ion-exchange reaction of montmorillonite and alkylammonium cations, are investigated because these organic/inorganic hybrid materials have found a lot of industrial applications, e.g. as reinforcing fillers in polymer nanocomposites, as adsorbents of organic pollutants or as rheological control agents. 
The samples in our study were prepared from a sodium-saturated fraction of bentonite Jelšový Potok (JP, Slovakia) and trimethylalkylammonium (CX-TMA+) and alkylammonium (CX-NH3+) cations with increasing length of alkyl chain from C6 to C18.

13C NMR spectroscopy (solid-state Varian 400 MHz) was used to confirm desired intercalation process, to study molecular environment of organic species within montmorillonite interlayers and especially to monitor the conformation of these organic molecules.

Detailed information about the state of organic molecules were obtained from deconvolution of MAS (Magic Angle Spinning) 13C NMR spectra, in which the line assignment was based on NMR spectra of alkylammonium cations in solutions (MercuryPlus 400 MHz) and solid-state NMR spectra of their corresponding surfactant salts. Two different conformation states – ordered (trans-t) and disordered (gauche-g) – were observed in interlayer space. The t/g ratio depends on alkyl chain length – with increasing number of CH2 group the chains adopt more ordered arrangement at both types of samples. The t/g ratio decreases with increasing temperature and it depends on head group structure of molecules (TMA+ versus NH3+).

Above mentioned NMR results were confirmed with the results we obtained using near-infrared (NIR) spectroscopy (FTIR Nicolet 6700). 
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