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New Catalysts for Converting Biomass to Fuels and Chemicals

The Scott group conducts both fundamental and applied research in surface chemistry and catalysis. This project targets the development of solid catalysts for the efficient conversion of non-food biomass feedstocks
We aim to understand the interactions and transformations of molecules in solution and at gas-solid (lignocellulose and soluble carbohydrates) to fuels and platform chemicals. One such reaction is the dehydration of
interfaces by creating highly uniform, grafted active sites. We apply techniques from organometallic
and coordination chemistry, surface science, spectroscopy, kinetics, mechanistic analysis and

sugars to 5-hydroxymethylfurfural (HMF), for which we designed an ordered mesoporous acid catalyst. The tandem
hydrogenation or oxidation of HMF using a second, supported catalyst is underway.

modeling to investigate, design and re-engineer heterogeneous catalysts. The group is comprised of 100y, T ructose Dehydration Activity thn Scj(OEt'){‘h (TEOS) is '| co-
. . . . . . . 0 . condaense Wi an organosiiane
researchers in chemls’rry and chemlcal engineering working together to solve problems at the interface 2 84% 81% RSi(OMe), (TESAS, containing both
A - % . . . .
of chemistry and reaction engineering. (__ Owanclayr ) 2 thioether and sulfonic acid functional
5 :
2 50% groups) in the presence of a block
Ho 9 a copolymer surfactant (Pluronic 123)
Redox Reactions Catalyzed by PGM-Substituted Complex Oxides 7 5 wou . and "NaCl. it  forms  hexagonally.
org e 141 min d d micelles.
The incorporation of Pt-group metals (PGMs) into crystalline complex Aqueous Layer > 20% - ordered mice is o
oxide hosts (e.g., the perovskite, in the example on the left) facilitates Eructose Dehydration 8 - TESAS: M ST
structural characterization and the direct comparison of experiment with 0% TESAS SBA5 Oxidized TESAS M e
theory. With these materials, we aim to tailor highly active and robust (142 mg) SBA-15 After extraction of the surfactant, the
catalysts for the oxidation of CO and the reduction of NO, emissions in (82 mg) remaining amorphous  silica hs?gAt?e
automotive exhaust streams. exagonaty mesoporous 15
=00 structt_Jre and centaltrr:s the TESTAr;S
] ) . S:i organic groups In € pores. e
The low surface areas of perovskites do not preclude high catalytic O, S,\/\/\x/\/\ﬁ OH thioether can be oxidized by H,O,
activity, and their high thermodynamic stability may be a significant R 0 during synthesis to the sulfoxide or the
benefit. Both BaO and CeO, are stabilized against deactivation when ($i0;) X =$,50,50, sulfone, which may be reaction
combined as BaCeO,. Perovskite lattice (surface + bulk) oxygen promoters because they favor the
tautomerization of fructose to the

promotes oxidation reactions at surface Pd sites. High lattice mobility is
due to increased vacancy concentration associated with the presence of

DFT model for Pd-substituted BaCeO,. Pd (blue) is desired furanose form. However, they

substituted on a Ce (yellow) site, and is accompanied by : Improving the hydrothermal stability of mesoporous organosilica catalysts also make the pores more hydrophilic,
an O (orange) vacancy. Ba cations are shown in grey. Pd(ll) in the bulk. The reaction conditions (130°C in water) cause loss of activity due to and the thioether form of the catalyst
T T T T T T CO-lean conditions Langmuir-Hinshelwood  PO,)  2k,P(Oy) ?Ieavage kof tr:(e fijﬁctlor:all g{roups.hlnézorpﬁri’rmg 3thylene gretuplsc |tr1to the lv;zct?\c;ually found to be the most
[ ] mechanism (LH) rate(LH) = K.P(CO) ™ K,P(CO) ramewor m?_es e catalyst more hydrophobic and increases its lifetime. :
50 ~+ FT magnitude | ’:' bet o, A vanadium catalyst based on hydroxyquinoline-modified silica
- curvefit : CO-rich conditions BaCeO;-mediated I _ % L R . Chemical catalytic conversion of lignocellulose to value-added
~ [ ] mechanism (BC) rate(BC) = 2k, 0(CO)0(0y) ~ 2ky 2 . - *r . feedstocks would represent a major breakthrough towards
< | ] % 01 4 L - . production of bio-derived energy. A heterogeneous vanadium
= 0] Near-stoichiometric | Langmuir-Hinshelwood and §; A " catalyst for oxidative C-C cleavage is designed to be a robust
= conditions BaCeO;-mediated rate — rate(LH) + rate(BC) § and reusable means to execute this transformation.
-l i (1sP(CO)/ mechanisms q
L _ HO,
5L . - 7 P(0,)<10) 0.01 \ ' ' i IRIrDOrO/V\N
- FT imaginary - The CO oxidation mechanism is highly dependent on the CO concentration. At low o e (»1.?)0 150 o HS L |
i curvefit ] P(CO), the reaction is strongly CO-inhibited. When high P(CO) causes nearly all the Evolution of HMF production rate from fructose over time in a flow reactor. NEts S V(0)YOPr)s S
- | | | | | - accessible Pd sites to be poisoned, a new mechanism involving lattice oxygen Green: SiO,-PrSO;H; Blue: SBA-15-PrSOH;H; o - THE %
B becomes available. This catalyst shows much higher activity than conventional Red: SBA-15-45%Et-PrSOH,H; Black: SBA-15-90%Et-PrSOH,H - S0 A S
R+a)/A catalysts such as Pd/Al,O5 under both types of reaction conditions. See Topics Catal. 2010, 53, 1185; Green Chem. 2010, 12, 1640. (S0 S0y

Pd K-edge EXAFS of Pd-substituted BaCeO,, showing
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We investigate the relationships between active site structures and polymerization activity for heterogeneous

Phillips’ (Cr) and Ziegler-Natta (Ti, V) catalysts, as well as supported single-site catalysts. Frequently, the catalyst-
support interaction is crucial to the appearance of activity. Grafting of B(C4F5); onto silica to create a robustly-
anchored co-catalyst for single-site olefin polymerization has been achieved for the first time in our lab. The reaction
is catalyzed by trace water, which can be generated in situ by borane-induced dehydroxylation of surface silanols, or
added intentionally. The grafted borane is a well-defined, supported Lewis acid that activates molecular complexes of
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be used as fuels (diesel-range). The lifetime of the olefin metathesis catalyst is key. time [min] time [min] Temperature (°0) Temperature (°€)
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