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ABSTRACT

The conversion of renewable lignocellulosic biomass to alternative fuels seems a
sustainable approach to the problem of depletion of fossil fuels, global warming,
henceforth attracted the immense attention from many researchers around the
globe. The hydrolysis of the microcrystalline cellulose in biomass has been
attempted using functionalized imidazole based IL with different functional
groups, aliphatic/aromatic linkers or direct attachment of —SO;H groups and
various anions were synthesized and characterized with NMR, TGA, FTIR, and
UV-Vis spectroscopy. ILs with an aliphatic linker and triflate anion have highest
catalytic activity in this hydrolysis yielding 93% of Total Reducing Sugar (TRS)
yield at 100 °C and 90 min reaction time. Density Functional Theory (DFT)
calculations were performed to optimize the IL and their cations and anions at
B3LYP 6-311G++ (d, p) level using Gaussian 09 package. Theoretical findings
are in agreement with the experimental results. To make the catalyst reusable for
the hydrolysis of MCC in water as a solvent the IL immobilized on chloromethyl
vinyl benzene (CMVB) with different IL / CMVB ratio. It was found that 40% IL
/ CMVB catalyst afforded maximum %TRS and glucose yield 58.5 and 47.9%
respectively at 160 [1C in 6h reaction time. The catalysts synthesized in the
laboratory were characterized by FTIR, CHNS and TGA.

One pot conversion of glucose to HMF was carried out using a new class of IL
containing halometallate as an anion. The qualitative comparison of the acidities
of these ILs were also performed using Density Functional Theory (DFT) and
validated with experimental results. The acidity and basicity of these ILs were
correlated with theoretically estimated parameters like electrostatic surface
potential maxima and minima, average local surface ionization energy, Fukui
functions and stabilization energy. Metal atoms showed a significant effect in
controlling both the Lewis as well as the Bronsted acidity of these ILs by
withdrawing electron density from the cationic counterpart. ZnCls-containing ILs
showed maximum catalytic activity in glucose conversion producing 13.4%,

23.8% and 67.1% yield of HMF, LA, and FA respectively. These ILs possess
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environmentally hazardous metal halide that was replaced with environment-
friendly organocatalyst having either amino (basic), sulfonic acid (Bronsted
acidic) or both the functionalities for the conversion of glucose to 5-
hydroxymethyl furfural (HMF). Sulfanilic acid with both the functionalities was
found to be a promising multifunctional catalyst yielding 44% HMF. The overall
detailed reaction mechanism was studied using density functional theory (DFT).
The transformation of open chain glucose to enediol intermediate through Lobry
de Bruyn—van Ekenstein rearrangement was found to be the rate-limiting step
with the highest energy barrier of 25.2 kcal/mole during glucose isomerization to
fructose. The heats of the reactions of two exothermic reactions namely glucose
isomerization to fructose and fructose dehydration to HMF are 3.7 kcal/mole and

33.1 kcal/mole respectively.

The thermochemistry of glucose conversion to HMF was studied using a high-
level Ab initio method G4. The glucose conversion to HMF followed the reaction
sequence as follows (i) Glucose cyclization, (ii) glucose isomerization to fructose,
(i11) fructose dehydration to enol intermediate, (iv) tautomerization of enol
intermediate to aldol form, (v) dehydration of second water molecule from aldol,
(vi) third water molecule elimination to form HMF at different temperatures 298
K to 423 K. The possible pathways for HMF conversion to various fuel

component and value-added chemical was also studied.
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IL-COOH
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CVvMB
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5-formylfuran -2- carboxylic acid

Hammett function
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