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Characterization of Multifunctional Nanoreactor Diffusion by Pulsed Field Gradient NMR
Wi, S. (NHMFL); Harrison, A. and Tang, C.  (Virginia Commonwealth U., Chemical & Life Sciences Engineering)
Introduction

This work will support a project that aims to characterize catalyzed reactions and product isolation that occurs when the catalytic metal nanoparticles are encapsulated within a polymer colloid. Currently we are using gold catalysts for the oxidation of benzyl alcohol to benzaldehyde in a bulk aqueous environment.1 To fully understand the system kinetics, transport and partitioning that occur due to chemical potential gradients must be characterized. It is thought that both transport and partitioning are dependent on factors such as polymer size and functionality, system temperature and pH, as well as reagent polarity. We utilize Pulsed-Field Gradient NMR (PFG-NMR)2 as a tool to characterize transport of molecular species through the polymer shell of nanoparticles.
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Experimental

Samples are polystyrene/polystyrene-b-polyethylene glycol with encapsulated catalytic gold nanoparticles analyzed with benzyl alcohol (reactant) and organic base. The rate of product, i.e. benzyaldehyde and benzoic acid (byproduct), is monitored to study reaction kinetics. The partitioning and transport of the product are characterized. PFG-NMR experiments were carried out at the NHMFL’s 1H 800 MHz solution-state NMR spectrometer (18.8 T) at 298 K by using a 5-mm coil 1H-X-Y TBI solution-state cryo-NMR probe that employs a 50 G/cm gradient along the z-direction. A standard DOSY sequence, a stimulated echo NMR sequence combined with pulsed-field gradient (PFG) pulses,2 was used for measuring the diffusions of solute molecules.

Results and Discussion

Fig. 1 shows the spectra of each sample. The numbers in the figure represent integrated peak intensities. An insert figure in each spectrum shows a magnified spectral portion with a specified magnification ratio. Diffusion coefficients of small solute molecules measured are designated in each spectral figure in red. Solute molecules in bulk water and in nanoparticles are not discriminated in this experiment. Our next step will be the utilization of the saturation transfer difference (STD) NMR method3 combined with the PFG NMR method to separately measure diffusions of solute molecules in nanoparticles.
Conclusions

Diffusions of benzyl alcohol and benzaldehyde were measured in the presence of catalytic nanoparticles in solutions with and without 1,4-diazabicyclo[2.2.2]octane (DABCO). 
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Fig.1 Solution-state 1H NMR spectra and diffusion data measured by PFG method. (A) PS/PSbPEG (1 mg/mL) + benzyl alcohol (9.5 mg/mL); (B) PS/PSbPEG (1 mg/mL) + benzaldehyde (9.5 mg/mL); (C) PS/PSbPEG (1 mg/mL) + benzyl alcohol (9.5 mg/mL) + DABCO (29 mg/mL); (D) PS/PSbPEG (1 mg/mL) + benzyl alcohol (4.8 mg/mL) + benzaldehyde (4.8 mg/mL) + DABCO (29 mg/mL)








