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Reaction Profile for Model Nb-silica Catalyst 

69 

Niobyl silicate 

The calculations done using M06-L/aug-cc-pVDZ method and LANL2DZ basis set for  Nb 
* A. van der Pol, J.H.C. van Hoof, Appl. Catal. A 106 (1993) 97. 

Epoxidation barrier 

(in kcal/mol): 

Uncatalyzed:    24.8 

Catalyzed:        11.6 

 

 

TS-1 (exp):       16.7* 

The Center for Environmentally Beneficial Catalysis 

Modeling BrØnsted Acid Sites: Niobium hydroxide  

70 
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Ongoing and Future Work 

71 

Experiment:  

• To counter metal leaching: use CH3OH as solvent for H2O2 

• Explore other coordination motifs for Nb catalyst 

Modeling:  

W: effect of 

different 

transition 

metals   

SiOH: model only 

the mesopore  Nb: High metal 

loading: greater Nb 

wt% 

SiH3: increasing structural 

complexity: QM/MM approach 

The Center for Environmentally Beneficial Catalysis 

Understanding Phase Equilibria and  

Transport Properties of Mesopore Catalysis 

72 K. Ohgaki et al., J. Chem. Eng. Jpn., 1983 

MeOH/ethylene binary Ternary 

Phase Diagrams Transport 

• Reactant/product mixture inside pore not accessible 

experimentally  modeling  

• Monte Carlo (MC) and molecular-dynamics (MD) simulations on 

bulk to validate force fields.  

• Ethylene concentration and transport favorably tuned by pressure 
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Modeling of Reactant Mixture in Pore 
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Red: Ethylene            Blue: Methanol              Filled surface: Mesopore (cutout) with color representing atom charge 

Initial test: MC simulations of C2H4/MeOH 

mixture  in series of model amorphous SiO2 

pores 

• Surface chemistry modulates C2H4 mole 

fraction 

Towards the full system: 5-component 

mixture (C2H4, MeOH, H2O2, H2O, EO) in 

metal -doped pore 

• MD simulations on pore/bulk equilibrium  

20ºC 
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Education and Outreach: Adding Value to Our NSF-RET Program 

• NSMDS funding adds 2 undergrads to the 6-

week program. Students gain insights from 

RET participants about how to communicate 

science and turn research into lessons/lab 

activities 

44 participants since 2009, 12/summer 

includes science teachers and undergrads 

training to become teachers  
cebc.ku.edu/research-experience-teachers 

While working with Prof. 

Thompson, an undergrad 

developed an algorithm about 

entropy (i.e., “coin flip” 

spreadsheet) 

• Teachers in the RET program gain technical advice from 

undergrads and learn about green chemistry and engineering 

from faculty to include in the new lessons they create for 

their students 
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Community Outreach 
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Carnival of Chemistry 

Graduate students and staff 

from NSMDS team hosted 

hands-on activities for >500 

children and their families at 

KU’s annual Carnival of 

Chemistry.  Activities 

highlighted how catalysts 

work and how green 

engineering can reduce 

environmental impact of 

chemical manufacturing.   

The Center for Environmentally Beneficial Catalysis 

Concluding Remarks    
• Emerging feedstocks (biomass, shale gas) provide exciting 

challenges for developing novel technologies with reduced 

environmental footprints 

– Potential game changers for the US chemicals industry 

• Multi-scale approach that benefits from expertise of chemists and 

engineers to concurrently address all process elements (catalyst, 

reaction mechanisms, reactors, etc.) expedites discovery of 

resource-efficient technologies 

• Quantitative sustainability assessments (economic, LCA) are 

powerful tools in guiding R&D toward practically viable processes 

• University/Industry/Government partnerships that engage 

stakeholders across the entire value chain key for timely technology 

commercialization with emerging feedstocks 
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Thank You!  

78 

 
 
 

“Catalyzing Innovation through Molecular Design”  

www.acs.org/acswebinars www.acs.org/acswebinars 
LIVE from the 19th Annual Green Chemistry & Engineering Conference 
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