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Modified Alumina Catalysts with Organic Groups for Fructose Dehydration Process Into a Continuous Reactor to Obtain 5-Hydroxymethylfurfural
Wi, S. (NHMFL); Casabianca, L. (Clemson U., Chemistry); de la Rosa, J.R. (Universidad Autónoma de Nuevo León, Chemical Engineering) and Garcia, C.D. (Clemson U., Chemistry) 
Introduction 
5-hydroxymethylfurfural (HMF), a versatile precursor in industry for the synthesis of various types of chemicals, such as solvents, pesticides, surfactants, and resins, is obtained by the catalytic dehydration of fructose, glucose, and sucrose in the presence of a catalyst, bi-functionalized synthetic alumina (ASB). Dynamic nuclear polarization (DNP)-surface enhanced spectroscopy (SENS) (@395 GHz, 14.1 T) was utilized for the characterization of the surface of ASB as the catalytic reaction proceeds.
Experimental 
DNP-enhanced 1H-29Si and 1H-13C CPMAS NMR spectra were recorded on a widebore 600 MHz Bruker Avance III spectrometer and 395 GHz gyrotron equipped with a triple resonance 3.2 mm MAS probe at 100 K. Both hydrophilic and hydrophobic DNP sampling conditions were utilized: 1) hydrophilic sampling condition (20 mg sample + 20 L of 10 mM AMuPOL in 78% DMSO-d6, 14% D2O, and 8% H2O); 2) hydrophobic sampling condition (20 mg sample + 20 L 15 mM TEKPOL in 90% tetrachloroethane (TCE) and 10% DMSO-d6).
[image: image2.png]Results and Discussion 
Catalysts exhibit 29Si NMR signals at -75 and -55 ppm that correspond to T3 and T2 bonds to the silicon atom,1 indicating that in each thiol group the silicon is bound to the surface of the alumina by means of two or three hydroxyl groups. No DNP effect was seen in 1H-29Si CPMAS spectra when the catalytic reaction was proceeded and lasts for more than 12 hours, indicating that the accessibility of the 1H-containing solvent molecules, such as H2O or TCE, in DNP juice to the grafted 29Si atoms is hindered due to the structural degradation of the functional group or the adsorption of a small amount of the reactants, products or intermediates produced during the catalytic reaction on the surface. The DNP-enhanced 1H-13C CPMAS spectra (blue) verify this hypothesis by exhibiting additional 13C peaks in the spectra. The presence of (-C)4-Si and C-O moieties in the DNP-enhanced 1H-13C CPMAS spectra evidence structural modifications and/or molecular absorption on the surface of the catalyst.
Conclusions
DNP-enhanced 1H-13C and 1H-29Si CPMAS methods are sensitive enough to monitor structural changes on catalytic surfaces.
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Fig.1 DNP-enhanced 1H-13C (second row) 1H-29Si CPMAS (third and fourth rows) and directly excited 29Si MAS (fifth row) NMR spectra of: (A) fresh ASF catalyst, (B) fresh ASB catalyst, (C) ASB catalyst after 12 hours of reaction and (D) ASB catalyst after 24 hours of reaction. Both hydrophilic and hydrophobic environments were explored for DNP sampling conditions. 











