Abstract
of the Ph.D. Thesis Entitled
Catalytic Hydrogenation of Bio-mass Derived Initial Platform Chemicals
In India, where more than 50% of population depends on the agricultural sector, efficient utilization of the resources is crucial. Agricultural residues like wheat straw, corn cobs, nut shells, rice husk, sugarcane bagasse, etc., can become feedstocks for production of value-added chemicals and fuels. Therefore, there is an urgent need to design chemical systems that adhere to the principles of green chemistry, involving minimization of hazardous compounds generation and energy consumption, and usage of renewable resources. Such an approach can lead to sustainable production of chemicals and fuels. To make this viable, tailoring of catalytic systems that are made from earth abundant materials, highly efficient, stable, energy efficient, etc., is needed.
In present Ph.D. thesis, catalytic hydrogenation of initial platform chemicals derived from renewable resources, like, D-glucose and furfural, over transition metal (Ni & Ru) catalysts have been studied in detail.
One of the aspects of the thesis is the catalytic transformation of D-glucopyranose to D-sorbitol on M13 metal clusters (M=Ni & Ru) in aqueous medium by applying Density Functional Theory (DFT) calculations. Different reaction pathways are explored for both the ring-opening and hydrogenation processes. Compared to the ring opening through direct hydrogen transfer from hydroxyl of anomeric carbon to ring oxygen, the water-mediated path is energetically favoured over both the metal clusters. Sequentially, the hydrogenation of the resulting acyclic aldehyde through various paths involving different intermediates is discussed in detail. In the case of both Ni and Ru metal clusters, the water mediation has lowered the energy barrier in the hydroxyl alkyl route. However, the direct hydrogen addition is preferred in the alkoxy pathway. In comparison with Ni cluster, the lower energy barrier in the rate-determining step i.e., the addition of second hydrogen to the carbonyl oxygen on Ru, accounts for higher catalytic activity of D-glucose on Ru cluster. Cluster models envisaged in this study provide a basis for interpreting the catalytic role of both solvent and metals for glucose/sugar hydrogenation. 
[bookmark: _Hlk138595210][bookmark: _Hlk121583545]The second aspect of the thesis describes in detail the investigations on the hydrogenation of furfural in aqueous medium using nickel nanoparticles (5% Ni w/w loading) dispersed on different metal oxide supports. At the reaction temperature of 100°C, nickel supported on reducible oxides (CeO2 and TiO2), display higher conversion compared to that on non-reducible oxide supports (SiO2, Al2O3, Mg3AlOx). The reaction proceeds via both ring-rearrangement and ring hydrogenation pathways, with furfuryl alcohol as the intermediate. At 140°C reducible oxide supported catalysts, particularly support titania, favours formation of deep-hydrogenated products (cyclopentanone, cyclopentanol and tetrahydrofurfuryl alcohol) and higher conversion than non-reducible oxide supported catalysts.
Another aspect considered for investigation is the effect of the different titania phases (ATA, ATH, P25, ART, RTH and RTS) as supports for Ni catalyst. Support phases differ in phase composition (anatase/rutile), textural characteristics, acidity and nature of metal support interactions. Both phases of titania, anatase and rutile, showed remarkable differences in the activity as well as selectivity for products. Higher conversion of furfural was observed on rutile phase supported catalysts. While both phases showed the formation of furfuryl alcohol, on anatase supported catalysts, formation of deep hydrogenated products was restricted to cyclopentanone only. On the other hand, on rutile phase support, further hydrogenated products, like, tetrahydrofurfuryl alcohol and cyclopentanol were observed. The results showed that the reducibility of support depends on titania crystal phase, which effect active sites at interface and on metal surface charge redistribution and blockage of reactive sites. The higher reducibility of anatase phase was found to be detrimental for hydrogenation activity.
Ni catalyst with rutile titania support (RTH), that displayed high catalytic activity, was further modified by replacing 10 atomic% of metal content from 5wt% Ni with M (group IB metal M=Cu, Ag, Au). The difference in atomic size and metal-support interaction influences the nature of bimetallic nanoparticles. Bimetallic catalysts in both alloyed and partially segregated forms were observed. Alloying between bimetals decreases in the order of NiCu > NiAu > NiAg. At 100°C furfural conversion over bimetal follows same order with furfuryl alcohol as the major product and bimetallic NiAu catalyst displays activity similar to monometallic Ni. However, at 140°C, both mono and bimetallic Ni catalysts display complete conversion of furfural. At 140°C furfuryl alcohol intermediate obtained from furfural undergoes ring-opening and subsequent rearrangement to cyclopentanone. For this reaction path, the selectivity increases from 58.8 % on monometallic Ni to ca. 84-88 % on all bimetallic catalysts. The absence of other side reactions (deep hydrogenation, leading to the formation of tetrahydrofurfuryl alcohol and cyclopentanol) on bimetallic catalysts, that occurs on monometallic Ni catalysts, suggest that the aldehyde hydrogenation and deep hydrogenation reactions takes place at different sites and the sites for deep hydrogenation are blocked in bimetallic catalysts. 
To summarize, the investigations carried out in the Thesis reveal that the combined effects of the electronic-state of supported metal, surface acidity, phase composition and reducibility of the supports provide a new strategy for tuning the catalytic properties for selective transformations of bio-mass derived feedstocks. In addition, the effect of physico-chemical properties of coinage metals on nano-bimetallic Ni catalysts has also enhanced selectivity of hydrogenation products. The Thesis brings out strategies for designing catalysts for selective catalytic transformations of bio-renewable raw materials, like D-glucose and furfural.
