
             

 

 
 

40th Annual 
MC-NACS 

Spring Symposium 
 

Tuesday, May 7th, 2019 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

THE HENRY FORD MUSEUM (LOVETT HALL) 

20900 OAKWOOD BLVD 

DEARBORN, MI 48124 

Artwork by Ismagab 



          

 

             

1 

 

THE MICHIGAN CHAPTER OF THE NACS 

40th ANNUAL SPRING SYMPOSIUM 
 

Tuesday, May 7, 2019 
 

 07:30 – 08:30  Registration & Breakfast 

 

Morning Session  Bean Getsoian, President 

 

 08:30 – 08:35 Welcome and Opening Remarks by Bean Getsoian, Ford Motor 

Company  

 

 08:35 – 08:40 Introduction of Invited Speaker by Bean Getsoian 

 

 08:40 – 09:30 Invited Lecture 

Zeolite Supported Pd Catalysts for Low Temperature NO and 

HC Storage: The Chemistry and Applications, Hai-Ying Chen, 

Johnson Matthey. 

 

09:30 – 9:50* Maximizing the Efficiencies of Metal-insulator-semiconductor 

(MIS) Photoelectrodes by Controlling the Flux of Charge 

Carriers with Interfacial Design, Joseph Quinn, John 

Hemmerling, and Suljo Linic, University of Michigan. 

 

09:50 – 10:10 Selectivity in Multiple Guises: Microkinetic models of NH3 

Catalytic Oxidation, Hanyu Ma and William R. Schneider, 

University of Notre Dame. 

 

10:10 – 10:15 Introduction of Sponsors by Bean Getsoian 

 

            10:15 – 10:30 Coffee Break  

 

10:30 – 10:50* Soluble and Reusable Superacid Polymer Catalysts for the 

Production of Hydroxymethylfurfural from Glucose, Ibeh 

Omodolor, Subhash Kalidindi, Shannon J. Saluga, Sarah A. Walz, 

Vimantha Bamunuarachchi, Maria R. Coleman, and Ana C. Alba-

Rubio, University of Toledo.  

  

10:50– 11:10* Computational Chemistry Considerations in Catalysis: 

Regioselectivity and Metal-Ligand Dissociation, Prajay Patel and 

Angela K. Wilson, Michigan State University  

 

 

* Competing for Outstanding Student Presentation Award 
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11:10– 11:30 Achieving Catalytic Carbonyl-Olefin Metathesis: Switching the 

Mechanism and Outcome with Change of Acid, Tanmay Malakar 

and Paul Zimmerman, University of Michigan. 
 

11:30 – 12:00 Business Meeting by Bean Getsoian 

 

 12:00 – 1:00  Lunch (sponsored by Toyota) 

 

 

Afternoon Session  Ming Yang, Vice President 

 

 1:00 – 1:10  Parravano Award Presentation by Johannes Schwank 
 

 1:10 – 2:00  Parravano Award Lecture 

The Role of Kinetics in the Search for the Active Site in 

Heterogeneous Catalysis, Fabio H. Ribeiro, Purdue University. 
 

2:00 – 2:20* Structural Optimization of Cobalt (III) Oxime Complexes 

Towards Efficient Hydrogen Generation, Nour El Harakeha, 

Debashis Basua, Richard Schaugaarda, Taryn Beckmanb, H. 

Bernhard Schlegela, Russel Schmehlb, and Claudio N. Verania, a.  

Wayne State University, b. Tulane University.  
 

2:20 – 2:40 CO Oxidation by Pt Single Atoms and PtnOx Clusters on Ceria, 

Hui Wanga, Jin-Xun Liub, Meiqing Shena, Bryan R. Goldsmithb, and 

Ming Yangc, a. Tianjin University, b. University of Michigan, c. 

General Motors Global Research and Development.  

 

 2:40 – 3:00 Solvent Effects in Breaking Strong Bonds in Phenolic 

Compounds During Their Hydrodeoxygenation Catalysis on 

Ru, Alyssa J.R. Hensleya, Junnan Shangguana, Jacob Brayb, 

Matthew V. Gradiskia, Robert H. Morrisa, Jean-Sabin McEwenb, 

and Ya-Huej (Cathy) China, a. University of Toronto, b. Washington 

State University. 

 

3:00 – 3:20 Coffee Break 
 

3:20 – 3:40* Factors Governing Site Specific Rates of Electronic Excitations 

in Multicomponent Plasmonic Photocatalysts, Steven Chavez 

and Suljo Linic, University of Michigan. 

   

 3:40 – 4:00 Controlling Concentration Overpotentials for High Efficiency 

Gas Evolution Reactions, Long Luo, Xu Zhao, and Ruchiranga 

Ranaweera, Wayne State University. 

    

  

* Competing for Outstanding Student Presentation Award 
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 4:00 – 4:20 Optimization and Characterization of Spinel Catalysts for 

Direct NOx Decomposition Guided by Machine Learning, 

Charles A. Roberts, Ying Zhang, Gunugunuri K. Reddy, Torin C. 

Peck, Chen Ling, Debasish Banerjee, and Hongfei Jia, Toyota 

Research Institute of North America. 

   

 4:20 – 4:30 Break 

 

 

Poster/Dinner Session  
 

 4:30 – 6:00 Poster Presentations 

 

 6:00 – 8:00 Student Awards Presentation (sponsored by Micromeritics 

Instruments) and Banquet. 
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THE MICHIGAN CHAPTER OF THE NACS 

40th ANNUAL SPRING SYMPOSIUM 
 

Tuesday, May 7, 2019 
 

Poster Presentations 
 

1. * Synthetic Methods to Influence Aluminum Distribution in ZSM-5 and Catalytic 

Consequences for Methanol Dehydration to Dimethyl Ether, Claire T. Nimlos, Young Gul 

Hur, John R. Di Iorio, and and Rajamani Gounder, Charles D. Davidson School of Chemical 

Engineering, Purdue University.  

 

2. * Development of a Functional Coating to Mitigate Coking in a Turbocharger Compressor, 

Pallav Jania, Ping Lia, Galen B. Fishera, John W. Hoardb, Johannes W. Schwanka, Giovanni 

Cavataioc, and Dairene Uyc, a. Department of Chemical Engineering, University of Michigan, b. 

Department of Mechanical Engineering, University of Michigan, c. Research and Innovation 

Center, Ford Motor Company. 

 

3. * Active Site and Confining Environment Requirements for Glucose-Sorbose 

Isomerization in Microporous Lewis Acids, Michael J. Cordon, Juan Carlos Vega-Vila, Alyssa 

LaRue, Zige Huang, and Rajamani Gounder, Charles D. Davidson School of Chemical 

Engineering, Purdue University. 

 

4. * Polyvinylpyrrolidone-Stabilized Iridium Nanoparticles Catalyzed the Transfer 

Hydrogenation of Acetophenone and Nitrobenzene, Xinrui Zhou and Meng Zhou, 

Department of Natural Sciences, Lawrence Technological University. 

 

5. * A New Bimetallic Cobalt Catalyst for Electrocatalytic Water Reduction, Fredricka 

Morgan and Claudio Verani, Department of Chemistry, Wayne State University.  

 

6. * Origin of Competing Reaction Pathways for CO2 Reduction by Rh Nanocluster and 

Single-Atom Catalysts on TiO2, Frank Doherty, Jin-Xun Liu, and Bryan R. Goldsmith, 

Department of Chemical Engineering, University of Michigan. 

 

7. * Catalytic Significance of Proton-Hydride Pair during Pyridine and Pyrrole 

Hydrogenation on Sulfided Ru Clusters, Haiting Caia, Roberto Schimmentib, Haoyu Niea, 

Manos Mavrikakisb, and Ya-Huei (Cathy) China, a. Department of Chemical Engineering & 

Applied Chemistry, University of Toronto, b. Department of Chemical and Biological 

Engineering, University of Wisconsin-Madison.  

 

8. * Development of a Wet Chemical Method for Control of Catalyst Deactivation, Hope O. 

Otor, Bryan J. Allen, Joshua Steiner, and Ana C. Alba-Rubio, Department of Chemical 

Engineering, The University of Toledo.  

 

* Competing for the Outstanding Student Poster Award 
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9. * Visible Light Induced Photocatalytic Hydrogen Evolution Using a Cds-Ni2P Hybrid 

Aerogel System, Kody G. Whisnant, Da Li, Stephanie L. Brock, Department of Chemistry, 

Wayne State University. 

 

10. * Metal Organic Frameworks for Heterogeneous Catalysis, Allison Rabon and Michael C. 

Young, Department of Chemistry and Biochemistry, The University of Toledo.  

 

11. * Discovering Catalyst Design Rules for Conjugated Polymer Synthesis, Matthew D. 

Hannigan, Anne J. McNeil, and Paul Zimmerman, Department of Chemistry, University of 

Michigan.  

 

12. * Mechanistic Study of Isotactic Propylene Oxide Polymerization by a Flexible Bimetallic 

Cr (III) Catalyst, Allison G. Roessler, Timothy M.E. Jugovic, and Paul Zimmerman, 

Department of Chemistry, University of Michigan.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* Competing for the Outstanding Student Poster Award 
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THE MICHIGAN CHAPTER OF THE NACS 

40th ANNUAL SPRING SYMPOSIUM 
 

 

 

THE HENRY FORD MUSEUM (LOVETT HALL) 

20900 OAKWOOD BLVD 

DEARBORN, MI 48124 

 
 

7:30 AM - Registration Begins 

8:30 AM – 4:30 PM - Invited & Oral Presentations, Lunch, and Sponsor Exhibition 

4:30 – 6:00 PM - Poster Presentation 

6:00 – 8:00 PM - Dinner and Awards for Student Presentations 
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EVENT MENU 
 

Breakfast: Continental breakfast – 7:30-8:30 am 

 Assorted Chilled Juices 

 Sliced Seasonal Fresh Fruit Display 

 Chef’s Selection of Assorted Breakfast Pastries, Muffins and Breads, Local Butter and 

Preserves 

 Locally Roasted and Ground, Freshly Brewed Regular and Decaffeinated Coffee 

 Assorted Herbal Teas and Iced Tea, Assorted Soft Drinks and House-Filtered Spring Water 

 

Lunch: Salad & Pasta Buffet – 12-1 pm 

 Garden Salad with Choice of Dressings, Caesar Salad 

 Ciabatta, Focaccia, and Olive Bread 

 Roasted Breast of Chicken 

 Cheese Tortellini with Olives and Sun-Dried Tomato in Pesto Cream 

 Cavatappi Pasta with Sausage, Capers, Artichokes, Roasted Red Peppers, Garlic and Extra-

Virgin Olive Oil, Rotini with Marinara and Parmesan 

 Locally Roasted and Ground, Freshly Brewed Coffee and Assorted Herbal Teas, Iced Tea, 

Assorted Soft Drinks, and House-Filtered Spring Water 

 

Dinner: 6-8 pm 

 Market Greens with Baby Tomatoes, Cucumbers, and Radishes drizzled with White 

Balsamic Dressing 

 Assorted Local Breads with Butter 

 Entrée Selections: 

- Grilled Chicken Breast with Michigan Dried Cherry Port Sauce, Chef’s Choice Starch 

and Vegetables 

- Grilled Salmon with Beurre Blanc, Chef’s Choice Starch and Vegetables 

- Vegan Chickpea Spinach Quinoa Cake with White Bean Vegetable Ragout, Grilled 

Asparagus and Roasted Tomato Coulis 

 “Mason Jar Pie” (Michigan Cherry, White Chocolate Mousse and Graham Cracker) 

 Locally Roasted and Ground, Freshly Brewed Regular and Decaffeinated Coffee, Assorted 

Herbal Teas and Iced Tea. 
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 Fabio H. Ribeiro 
 

 

 

2019 Michigan Catalysis Society Giuseppe Parravano Memorial 

Award for Excellence in Catalysis Research 

 

Fabio H. Ribeiro is currently the R. Norris and Eleanor Shreve Professor of Chemical Engineering 

and Director of the National Science Foundation Engineering Research Center on the Innovative 

and Strategic Transformation of Alkane Resources (CISTAR) at the Davidson School of Chemical 

Engineering, Purdue University.  He received his Ph.D. degree from Stanford University in 1989, 

worked for Catalytica, Inc. in Mountain View, California, held a post-doctoral fellowship at the 

University of California – Berkeley, and was on the Worcester Polytechnic Institute faculty before 

joining Purdue University in August 2003.  His research interests are centered on the kinetics of 

heterogeneous catalytic reactions and catalyst characterization under reaction conditions.  He has 

over 140 publications in scholarly journals.  He was Chair for the American Institute of Chemical 

Engineer’s Catalysis and Reaction Engineering Division (2010) and editor for Journal of Catalysis 

(2010-2018).  His honors include the NSF CAREER award (1997-2002), the Excellence in 

Catalysis Award from the Catalysis Society of Metropolitan New York (2005), the Henry J. Albert 

Award from the International Precious Metals Institute (2012), the Purdue College of Engineering 

Faculty Award of Excellence on Research (2014) and the Herman Pines Award from The Chicago 

Catalysis Club (2015). 
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Hai-Ying Chen 
 

  

 

2019 MC-NACS Spring Symposium Invited Lecturer 

 
Dr. Hai-Ying Chen is a Product and Process Development Manager at Johnson Matthey, where 

he leads a team of scientists, engineers, and chemists developing advanced emission control 

catalysts and technologies to enable gasoline and diesel vehicles to meet stringent government 

emission regulations. Hai-Ying received his Ph.D. in Chemistry from Fudan University, China. 

He has published more than 60 technical papers and holds more than 140 granted patents in various 

jurisdictions around the world. In 2017, Hai-Ying was elected as a Fellow of the Society of 

Automotive Engineers. He is the recipient of the 2019 Eugen J. Houdry Award in Applied 

Catalysis by the North American Catalysis Society. 
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THE MICHIGAN CHAPTER OF THE NACS OFFICERS,        

2018 - 2019 
 

 

 President: Bean Getsoian 

  Ford Motor Company 

 

 Vice President: Ming Yang 

  General Motors Company 

   

 Secretary-Treasurer: Ana C. Alba-Rubio 

  The University of Toledo 

 

 MCS Representative to the   

 North American Catalysis Society: Eric Stangland 

  The Dow Chemical Company 

 

 Board of Directors: Vladimir V. Pushkarev 

  The Dow Chemical Company 

 

  Eranda Nikolla 

  Wayne State University 

 

  Galen Fisher 

  University of Michigan 
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PAST OFFICERS OF THE MICHIGAN CATALYSIS SOCIETY 

 

 
YEAR PRESIDENT VICE-PRESIDENT SECRETARY/TREASURER 

1977-78 Mordecai Shelef Alan Brenner Kathleen Taylor 

1978-79 Alan Brenner Kathleen Taylor Klaus Otto 

1979-80 Kathy Taylor Klaus Otto George Tsigdinos 

1980-81 Klaus Otto George Tsigdinos Craig Murchison 

1981-82 George Tsigdinos Craig Murchison Richard Herz 

1982-83 Craig Murchison Richard Herz Johannes Schwank 

1983-84 Richard Herz Johannes Schwank William Dianis 

1984-85 Johannes Schwank William Dianis Robert McCabe 

1985-86 William Dianis Robert McCabe Thomas Pinnavaia 

1986-87 Robert McCabe Thomas Pinnavaia Robert Stowe 

1987-88 Tom Pinnavaia Robert Stowe M. David Curtis 

1988-89 Robert Stowe M. David Curtis Gregory Schmidt 

1989-90 M. David Curtis Gregory Schmidt Simon Ng 

1990-91 Gregory Schmidt Simon Ng Dennis Hucul 

1991-92 Simon Ng Dennis Hucul Galen Fisher 

1992-93 Dennis Hucul Galen Fisher Levi Thompson 

1993-94 Galen Fisher Levi Thompson Simon Bare 

1994-95 Levi Thompson Simon Bare George Graham 

1995-96 Simon Bare George Graham Alan Brenner 

1996-97 George Graham Alan Brenner Larry Ito 

1997-98 Alan Brenner Larry Ito Hung-Wen Jen 

1998-99 Larry Ito Hung-Wen Jen John Gohndrone 

1999-00 Hung-Wen Jen John Gohndrone Diana Phillips 

2000-01 John Gohndrone Diana Phillips David Barton 

2001-02 Diana Phillips David Barton John Li 

2002-03 David Barton John Li Wei Li 

2003-04 John Li Wei Li Eric Stangland 

2004-05 Wei Li Eric Stangland John Hoard 
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YEAR PRESIDENT VICE-PRESIDENT SECRETARY/TREASURER 

2005-06 Eric Stangland John Hoard Jong H Lee 

2006-07 John Hoard Jong H Lee Suljo Linic 

2007-08 Jong H Lee Suljo Linic Paul Fanson 

2008-09 Suljo Linic Paul Fanson Steven Schmieg 

2009-10 Paul Fanson Steven Schmieg Beata Kilos 

2010-11 Steven Schmieg Beata Kilos Joe Theis 

2011-12 Beata Kilos Joseph Theis Chang Kim 

2012-13 Joseph Theis Chang Kim Eranda Nikolla 

2013-14 Chang Kim Eranda Nikolla Ted Calverley 

2014-15 Eranda Nikolla Ted Calverley Hongfei Jia 

2015-16 Ted Calverley Hongfei Jia Vladimir V. Pushkarev 

2016-17 Hongfei Jia Vladimir V. Pushkarev Bean Getsoian 

2017-18 Vladimir V. Pushkarev Bean Getsoian Ming Yang 

2018-19 Bean Getsoian Ming Yang Ana C. Alba-Rubio 

 

 

PAST MCS REPRESENTATIVES TO  

THE NORTH AMERICAN CATALYSIS SOCIETY 

 
YEAR NACS REPRESENTATIVE 

1995-2001 Craig Murchison 

2001-2014 Galen Fisher 

2014-present Eric Stangland 
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Giuseppe Parravano Memorial Awards 

 

The Michigan Catalysis Society has two awards to recognize individuals who have made 

outstanding contributions to catalysis research and development.  Both awards are sponsored by 

the Memorial Trust Fund for Professor Giuseppe Parravano, which has been established at the 

Department of Chemical Engineering, The University of Michigan.  The Michigan Catalysis 

Society administers both awards which are presented in alternating years.  Both awards consist of 

a medal and a prize of $1000.  The two awards differ only in the eligibility rules.  The recipient of 

the award is selected by a committee that is appointed by the officers of the Michigan Catalysis 

Society and includes one representative of the Parravano family. 

 

 

1. The Michigan Catalysis Society Giuseppe Parravano 

Memorial Award for Excellence in Catalysis Research 

 

The award is given biennially in odd numbered years to an individual from 

North America to formally recognize outstanding contributions to catalytic 

science and technology. 

 

 

2. The Michigan Catalysis Society Parravano Memorial Award 

for Excellence in Catalysis Research and Development 
 

The award is given biennially in even numbered years to formally recognize 

outstanding contributions to catalytic science and technology by researchers 

in the greater Michigan area.  To be eligible, a person must be a resident of 

Michigan or a neighboring area such as western Ontario/northern Ohio and 

be nominated by a member of the Michigan Catalysis Society. 
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MCS Giuseppe Parravano Memorial Award Winners 

  The Michigan Catalysis Society  The Michigan Catalysis Society 

  Parravano Memorial Award  Giuseppe Parravano Memorial 

  for Excellence in Catalysis  Award for Excellence in 

  Research and Development  Catalysis Research 
 

 *1983 Mordecai Shelef 

  Scientific Research Labs 

  Ford Motor Company 
 

 *1984 Alan Brenner 1985 W. Nicholas Delgass 

  Dept. of Chemistry  Dept. of Chemical Engineering 

  Wayne State University  Purdue University 
 

 1986 Klaus Otto 1987 Lanny D. Schmidt 

  Scientific Research Labs  Dept. of Chem. Eng. & Mater. Sci. 

  Ford Motor Company  University of Minnesota 
 

 1988 Craig Murchison 1989 W. Henry Weinberg 

  Corporate R & D  Div. of Chem. & Chem. Eng. 

  The Dow Chemical Company  California Institute of Technology 
 

 1990 John L. Gland 1991 Israel E. Wachs 

  Dept. of Chemistry  Zettlemoyer Ctr. for Surface Studies 

  The University of Michigan  Lehigh University 
 

 1992 Peter R. Norton 1993 J. Michael White 

  Dept. of Chemistry  Dept. of Chemistry 

  University of Western Ontario  The University of Texas 
 

 1994 Johannes W. Schwank 1995 Wolfgang M. H. Sachtler 

  Dept. of Chemical Engineering  Dept. of Chemistry 

  The University of Michigan  Northwestern University 
 

 1996 Robert W. McCabe 1997 Raymond J. Gorte 

  Scientific Research Labs  Dept. of Chemical Engineering 

  Ford Motor Company  The University of Pennsylvania 
 

1998 Galen B. Fisher 1999 James A. Dumesic 

  Research Laboratories  Dept. of Chemical Engineering 

  General Motors Corporation  University of Wisconsin 
 

2000 Robert A. Stowe 2001 D. Wayne Goodman 

  Bobcat Technologies, Ltd  Dept. of Chemistry 

    Texas A&M University 
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  The Michigan Catalysis Society  The Michigan Catalysis Society 

  Parravano Memorial Award  Giuseppe Parravano Memorial 

  for Excellence in Catalysis  Award for Excellence in 

  Research and Development  Catalysis Research 
 

2002 Thomas J. Pinnavaia 2003 Bruno Notari 

  Dept. of Chemical Engineering  Dept. of Chemical Engineering 

  Michigan State University  Northeastern University 
 

2004 Dennis A. Hucul 2005 Bruce C. Gates 

  The Dow Chemical Company  Dept. of Chemical Engineering & 

     Materials Science 

     University of California-Davis 
 

2006 Levi T. Thompson, Jr. 2007 Alexis T. Bell 

  Dept. Of Chemical Engineering  Dept. of Chemical Engineering 

  University of Michigan  University of California-Berkeley 
 

2008 George W. Graham 2009 Mark A. Barteau 

  Ford Motor Company  Dept. of Chemical Engineering 

   University of Delaware 

 

2010 Guo-Shuh John Lee 2011 Jens Nørskov 

  The Dow Chemical Company  Dept. of Chemical Engineering 

   Stanford University 
 

2012 Hung-Wen Jen 2013 Maria Flytzani-Stephanopoulos 

  Ford Motor Company  Dept. of Chemical & Biological  

     Engineering 

   Tufts University 
 

2014 Phillip Savage 2015 Jingguang Chen 

 Dept of Chemical Engineering Dept. of Chemical Engineering 

  University of Michigan  Columbia Univeristy 
 

2016 Suljo Linic 2017 Manos Mavrikakis 

 Dept of Chemical Engineering Dept. of Chemical & Biological Engineering 

  University of Michigan  University of Wisconsin-Madison 

 

2018 William F. Schneider 2019 Fabio H. Ribeiro 

 Dept of Chemical and  Davidson School of Chemical Engineering  

                       Biomolecular Engineering Purdue University 

  University of Notre Dame   
 

 

* Originally presented as the Michigan Catalysis Society Award for Excellence in 

Catalysis Research and Development. This award has been continued under the 

sponsorship of the Parravano Memorial Trust Fund at The University of Michigan. 
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Past Outstanding Student Presentation Award Recipients 

 1990 Carolyn L. Parks, Wayne State University 

 1991 Sangho Lee, Wayne State University 

 1992 Jean-Remi Butruille, Michigan State University 

 1993 Ben Brosilow, The University of Michigan 

 1994 Kendrick Curry, The University of Michigan 

 1995 Gregory M. Dole, The University of Michigan 

 1996 Anis Barodawalla, Michigan State University 

 1997 Carla E. Hori, Wayne State University 

 1998 Yisun Cheng, The University of Michigan 

  Chuck Roe, Michigan Technological Institute 

 1999 John Cavataio, The University of Michigan 

 2000 Jeremy Patt, The University of Michigan 

 2001 Christopher Bennet, The University of Michigan 

 2002 Chang H. Kim, The University of Michigan 

 2003 Easwar Ranganathan, The University of Michigan 

 2004 Randolph C. McGee, The University of Michigan 

 2005 Worajit Setthapun, The University of Michigan 

 2006 Eranda Nikolla, The University of Michigan (presentation) 

  Timothy King, The University of Michigan (poster) 

 2007 Hui Wang, Michigan State University (presentation) 

  Hongliang Xin, The University of Michigan (poster) 

 2008 Phillip Christopher, The University of Michigan (presentation) 

  Andrew Smeltz, Purdue University (poster) 

 2009  David Ingram, The University of Michigan (presentation) 

  Peter Aurora, The University of Michigan (poster) 

 2010 Michael Katz, The University of Michigan (presentation) 

  Paul Dietrich, Purdue University (poster) 

 2012 Lei Wang, Tsinghua University (presentation) 

  Shane A. Bates, Purdue University (poster) 

 2013 Adam Holewinski, University of Michigan (presentation) 

  Timothy Van Cleve, University of Michigan (poster) 

 2014 Atish A. Parekh, Purdue University (presentation) 

  Harshavardhan J. Chaudhari, Purdue Univerisity (poster) 

 2015 Jorge Gabayet, Western University (presentation) 

  Juliana Carneiro, Wayne State University (poster) 

 2016 Viktor J. Cibulskis, Purdue University (presentation) 

  Xiang-Kui Gu, Wayne State University (poster) 

 2017 Umar Aslam, University of Michigan (presentation) 

  Michael Cordon, Purdue University (poster) 

  Da Li, Wayne State University (poster) 
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 2018 Phillip M. Kester, Purdue University (presentation) 

  Jason S. Bates, Purdue University (poster)  
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ABSTRACTS 
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2019 INVITED LECTURE 
 

 

ZEOLITE SUPPORTED Pd CATALYSTS FOR LOW TEMPERATURE NO AND HC 

STORAGE: THE CHEMISTRY AND APPLICATIONS 

 

Hai-Ying Chen 

Johnson Matthey, Clean Air, Americas Region 

Control of emissions at low temperatures, especially during the cold start periods of a vehicle 

operation, is one of the main challenges for fuel efficient vehicles to meet the stringent emission 

regulations. Recent development effort at Johnson Matthey has led to the discovery of zeolite 

supported Pd catalysts that are capable of adsorbing NO and HC at temperatures below ~200 °C 

with high storage efficiency and capacities. The materials also show high resistance to SO2 

poisoning. The NO storage temperature profiles as well as the NO release temperature profiles of 

the Pd-zeolite materials are significantly affected by the framework structures of the zeolite 

supports. A detailed study by combining Infrared and XAS under operando conditions was carried 

out to understand the NO storage mechanism. Cationic palladium at the exchange sites of the 

zeolite supports is determined to be responsible for NO adsorption. Exchanged palladium cations 

maintain their location without chemical transformation during storage under the complex gas 

feed. Finally, examples of full exhaust emission control systems will be provided to illustrate the 

benefits of the zeolite supported Pd catalysts in enabling cold start diesel emission control.  
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MAXIMIZING THE EFFICIENCIES OF METAL-INSULATOR-SEMICONDUCTOR 

(MIS) PHOTOELECTRODES BY CONTROLLING THE FLUX OF CHARGE 

CARRIERS WITH INTERFACIAL DESIGN 

Joseph Quinn, John Hemmerling, and Suljo Linic 

Department of Chemical Engineering, University of Michigan 

Photoelectrochemical systems have the potential to sustainably convert solar energy into chemical 

energy by splitting water into its hydrogen and oxygen components. One common photoelectrode 

system involves the use of a metal-insulator-semiconductor (MIS) junction. An efficient MIS 

photoelectrode uses a semiconductor with an ideal band gap ideal to absorb sunlight, a metallic 

catalyst with high electrocatalytic activity, and a stable insulator which prevents the degradation 

of the otherwise unstable semiconducting material. The amount of photovoltage generated by the 

system is highly dependent on the physical characteristics of the interface. Conventionally, 

photovoltage has been optimized by maximizing the “barrier height” (interfacial electric field) of 

the system, while minimizing the thickness of the insulator to reduce resistance. This approach 

requires the use of high work function metals for photoanodes and low work function metals for 

photocathodes, which are required to maximize the barrier heights. This greatly limits the number 

of viable materials in MIS systems since the metal layers must also possess high electrocatalytic 

activity and stability.  

In this work we show that by tuning the thickness of the insulator even systems that suffer from 

moderate barrier heights can achieve high photovoltages[1]. This was done by designing insulators 

that minimize the interfacial flux of majority charge carriers (leading to recombination), without 

creating an overly large impediment for minority carriers to drive the reaction. This result shows 

that metals with non-ideal work function properties but optimal electrocatalytic activity can still 

achieve high photovoltages, and greatly improves the number of viable materials for use in MIS 

systems. Another strategy that has expanded the material phase space in MIS systems involves the 

introduction of bilayer metals[2,3]. This approach uses one metal layer to set the barrier height of 

the system, and another metal layer to provide stable electrocatalytic sites. In this work we show 

the additive benefits of a design approach that combines insulator thickness tuning with the bilayer 

metals, which further improves photovoltage and expands the set of useful materials. This was 

demonstrated experimentally using pSi-HfO2-Al-Pt and pSi-HfO2-Ti-Pt photocathode systems. 

The relevant interfacial mechanisms were captured using a comprehensive model that can be used 

to predict MIS performance. 

 
1. J. Quinn, J. Hemmerling, S. Linic, ACS Catal. (2018) 8545–8552. 

2. D.V. Esposito, I. Levin, T.P. Moffat, A.A. Talin, Nat. Mater. 12 (2013) 562–568. 

3. I.A. Digdaya, B.J. Trześniewski, G.W.P. Adhyaksa, E.C. Garnett, W.A. Smith, J. Phys. Chem. C. 122 

(2018) 5462–5471. 
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SELECTIVITY IN MULTIPLE GUISES: MICROKINETIC MODELS OF NH3 

CATALYTIC OXIDATION 

Hanyu Ma and William F. Schneider 

Department of Chemical and Biomolecular Engineering, University of Notre Dame 

Ammonia oxidation is a key step in the Ostwald process for production of nitric acid and, as 

practiced in ammonia slip catalysis, important to environmental protection. [1] While both 

processes are catalyzed by Pt-based materials, they are carried out at different conditions, over 

materials of different structure, and with the goal of recovering different products. In this work, 

we elucidate the dependency of ammonia oxidation rates and selectivities on both Pt structure and 

temperature. [2] We perform density functional theory (DFT) computations to compare the 

reaction and activation energies of elementary reactions on Pt(211) and Pt(111). We develop a 

microkinetic model parametrized with the DFT results. We show that barriers to product formation 

are lower on stepped Pt than on terrace, leading to a much higher step rate at low temperature to 

selectively oxidize ammonia to nitrogen. At high temperature, however, both step and terrace 

perform comparably in rate to selectively produce nitric oxide. While N2 is always the 

thermodynamic product, relative N and O coverages interact to make NO the kinetic product at 

high temperature (Figure 1a). The predicted rate and selectivity are consistent with experiments. 

We further show rate controlling steps on the two Pt surfaces are different at low temperature but 

are the same at high temperature. Finally, we demonstrate the flows of elementary reactions in the 

reaction network are also structure- and temperature-dependent in Figure 1b. 

 

Figure 1.  (a) Reaction rate against reciprocal temperature on Pt(211) and Pt(111) at ammonia slip 

catalysis conditions. (b) Steady-state net rates of surface reactions on Pt(211) at 500 and 1000K, 

presented as a Sankey diagram, in which each segment indicates an elementary step and the 

corresponding segment width indicates net rate normalized to the overall ammonia oxidation rate. 

Pressures of NH3, O2 and H2O are 0.001, 0.02 and 0.05 bar, respectively. 

 

(1) J. G. Chen, et al., Science 360 (2018), 6391. 

(2) H. Ma, W. F. Schneider, ACS Catal. 9 (2019), 2407. 
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SOLUBLE AND REUSABLE SUPERACID POLYMER CATALYSTS FOR THE 

PRODUCTION OF HYDROXYMETHYLFURFURAL FROM GLUCOSE 

Ibeh Omodolor, Subhash Kalidindi, Shannon J. Saluga, Sarah Walz, Vimantha Bamunuarachchi, 

Maria R. Coleman, and Ana C. Alba-Rubio 

Department of Chemical Engineering, The University of Toledo 

Uncertainty in the availability of petroleum reserves coupled with increasing concern over 

greenhouse gas emissions have led to an increase in the volume of research centered on using 

lignocellulosic biomass to produce transportation fuels and fine chemicals. Due to its versatility, 

5-hydroxymethylfurfural (HMF) has been listed as one of the top ten platform chemicals by the 

US Department of Energy. 

HMF can be obtained from glucose or fructose. Its production from glucose is preferred because 

of its higher availability and lower cost. HMF production from glucose involves both isomerization 

and dehydration steps. Many examples of mixtures of homogeneous and heterogeneous catalysts 

have been reported in the literature. Homogeneous catalysts are usually more active, but they 

cannot be easily recovered for reutilization. While heterogeneous catalysts can be reused, they 

frequently suffer from deactivation through coking. Here we present a catalyst that offers the 

advantages of both homogeneous and heterogeneous catalysis. This polymer catalyst also 

possesses both Brønsted and Lewis acid functionalities for production of HMF from glucose.  

Polystyrene sulfonic acid (PSSA) has shown good activity in reactions 

that require Brønsted acid sites, such as dehydration of xylose to 

furfural or transesterification of triglycerides to methyl ester [1]. 

Recently, we have added a second functionality to that polymer by the 

incorporation of AlCl3 by ion exchange in the liquid phase [2]. A series 

of catalysts with different Brønsted: Lewis acid ratios was prepared, and 

high HMF yields were obtained with the catalyst containing the highest 

concentration of Lewis acid sites. This catalyst was successfully reused 

without apparent loss of activity. 

 

Catalyst 100:0 90:10 80:20 70:30 60:40 50:50 40:60 30:70 20:80 

mmol H+/g 5.40 5.00 4.63 4.60 4.44 4.38 4.11 3.94 2.71 

mg Al/g N/A 7.75 17.00 25.10 29.74 32.86 36.45 39.96 42.20 

 

[1] M.L. Granados, A.C. Alba-Rubio, I. Sádaba, R. Mariscal, I. Mateos-Aparicio, Á. Heras, 

Poly(styrenesulphonic) acid: an active and reusable acid catalyst soluble in polar solvents, 

Green Chemistry, 13 (2011), 3203-3212. 

[2] A.C. Alba-Rubio, M.R. Coleman, S. Kalidindi, A. Joshi, I.S. Omodolor, US Patent, 59601-US-

PCT (2017).  
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COMPUTATIONAL CHEMISTRY CONSIDERATIONS IN CATALYSIS: 

REGIOSELECTIVITY AND METAL-LIGAND DISSOCIATION 

Prajay Patel and Angela K. Wilson 

Department of Chemistry, Michigan State University 

The utility of a range of computational chemistry approaches for the prediction of the 

regioselectivity for hydroformylation processes and metal-ligand dissociation in a model 

organometallic system is considered to provide insight about computational strategies for use in 

catalysis.  The hydroformylation reactions investigated are the Rh-catalyzed hydroformylation of 

terminal alkenes with triarylphosphine and chelating diphosphine ligands. For the model 

organometallic system, a Pt species is considered. Several density functional theory (DFT) 

approaches and ab initio methods are considered. (1) We demonstrate that the quality of the basis 

set selected for the calculations can play a vital role in the prediction of even the product 

distribution, and that correcting for basis set superposition error (BSSE) can be very important.  

As well, the study demonstrates a broad range of predictions achievable using a variety of DFT 

approaches, which is, as discussed, a manifestation of the challenges that are encountered for 

calculations involving transition metal molecular species, illustrating the critical need to gauge 

computational chemistry methods. (2) 

 

1. P. Patel, A.K. Wilson , J. Chem. Theory Comput. Submitted (2019). 

2. P. Patel, A.K. Wilson, Catal. Today. Submitted (2019). 
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ACHIEVING CATALYTIC CARBONYL-OLEFIN METATHESIS: SWITCHING THE 

MECHANISM AND OUTCOME WITH CHANGE OF ACID 

Tanmay Malakar and Paul M. Zimmerman 

Department of Chemistry, University of Michigan 

Carbonyl-olefin metathesis (COM) is an emerging synthetic method to construct complex 

molecular frameworks starting from simple reactants.1 This reaction is noncatalytic using Grubbs’ 

catalysts, which are famous for their ability to promote the olefin metathesis reaction. The practice 

of COM was therefore highly limited until it was found that earth abundant FeCl3 Lewis acid 

catalysts were operative for this reaction. Our studies show COM proceeds through ring closing to 

yield an four-membered ring oxetane intermediate that quickly fragments into the products.3 

Subsequently to this discovery, a Brønsted-acid catalyst (TfOH) has been shown to promote a 

closely related reaction involving carbonyl and olefin double bonds, which apparently completely 

bypasses the oxetane intermediate and proceeds to tetrahydrofluorene products.4 Our quantum 

chemical investigation reveals a mechanistic switch in this new reaction, even though there is a 

high structural similarity between the substrates, and the TfOH catalyzed reaction activates the 

carbonyl, just like in the Lewis-acid catalyzed COM. This talk will contrast how the TfOH and 

Lewis acid catalysts serve different roles, especially in the ability of TfOH to shuttle protons within 

the reactive intermediates. The mechanistic switch will be discussed in light of available 

experimental studies, allowing us to provide insight into new directions for these emerging, 

exciting classes of catalysis. 

 

1. A. H. Hoveyda, A. R. Zhugralin, Nature 450, (2007), 243. 

2. J. R. Ludwig, P. M. Zimmerman, J. B. Gianino, C. S. Schindler, Nature 533, (2016), 374. 

3. J. R. Ludwig, S. Phan, C. C. McAtee, P. M. Zimmerman, J. J. Devery, C. S. Schindler, J. Am. 

Chem. Soc. 139, (2017), 10832. 

4. J. R. Ludwig, R. B. Watson, D.J. Nasrallah, J. B. Gianino, P. M. Zimmerman, R. A. Wiscons, 

C. S. Schindler, Science 361, (2018), 1363. 
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2019 PARRAVANO AWARD LECTURE 
 

THE ROLE OF KINETICS IN THE SEARCH FOR THE ACTIVE SITE IN 

HETEROGENEOUS CATALYSIS 

 

Fabio H. Ribeiro 

Davidson School of Chemical Engineering, Purdue University 

The identification of the active site plays an important role in the quest for the design of catalysts.  

Once the site is identified, the goal is then to define the rate constants for all elementary steps in 

the catalytic cycle.  Achieving this goal, fortunately, is usually not necessary in the design of 

catalysts and a much simpler kinetic description is effective.  We will illustrate from examples in 

the water-gas shift (WGS) reaction, oxidation of NO, and the selective catalytic reduction (SCR) 

of NOx with ammonia, how the combination of kinetics, spectroscopy, theory and designed 

materials were used to propose the active site.  For the WGS reaction, we will concentrate on the 

catalysis by Au and show that the active site appears to be metallic, under-coordinated Au.  For 

the oxidation of NO to NO2 on Pt, the active site appears to be a Pt surface with the proper oxygen 

coverage.  Finally, and most interestingly, the sites for ammonia SCR of NOx on copper-zeolites 

are mobilized copper ions. 
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STRUCTURAL OPTIMIZATION OF COBALT(III) OXIME COMPLEXES TOWARDS 

EFFICIENT HYDROGEN GENERATION 

Nour El Harakeha, Debashis Basua, Richard Schaugaarda, Taryn Beckmanb, H. Bernhard 

Schlegela, Russel Schmehlb, and Claudio N. Verania 

a. Department of Chemistry, Wayne State University 

b. Chemistry Department, Tulane University 

The generation of hydrogen through proton reduction, i.e. 2H+ + 2e-→ H2, will become a source of 

a clean energy. Therefore, efforts have been made to design catalytic complexes that can efficiently 

convert water into dihydrogen. Ideally, these molecular catalysts must be robust, selective, and 

functional at low overpotentials. Our efforts aim at the synthesis of cobalt-based oxime 

complexes,1,2 as we hypothesize that having electron-rich monodentate axial ligands bound to the 

metal center would increase the electron density around the dz2 orbital, facilitating the formation 

of a reactive metal hydride, hence, accelerating the generation of dihydrogen.  

Here, four cobalt(III) oxime complexes were synthesized and bound axially to either a chlorido or 

thiocyanato ligands. For all cases, the electrocatalytic behavior was evaluated under the same 

experimental conditions to compare their catalytic activities. Low overpotential values of less than 

500 mV were measured and distinct catalytic activities amongst these complexes were detected; 

the chlorido complexes have shown turnover numbers of less than 1, and therefore are deemed 

non-catalytic, whereas the thiocyanato counterparts have shown a catalytic activity with TONs of 

ca. 20. Therefore, these results are on par with the best proton reduction catalysts currently known.2 

Moreover, mechanistic insights into the catalytic intermediates were gained through 

spectroelectrochemistry, Infrared/UV-visible spectroscopic techniques coupled with bulk 

electrocatalysis, and single X-ray crystallography of the chemically reduced species, as well as via 

DFT calculations. This study will allow us to understand how varying the nature of axial ligands 

can affect the reactivity of the dz2 orbital involved with the catalytic behavior of these systems. 

 

                                   

 

1. D. Basu, S. Mazumder, X. Shi, R. J. Staples, H. B. Schlegel, C. N. Verani, Angew. Chem. 127 

(2015) 7245. 

2. D. Basu, S. Mazumder, J. Niklas, H. Baydoun, D. Wanniarachchi, X. Shi, R. J. Staples, O. 

Poluektov, H. B. Schlegel, C. N. Verani, Chem. Sci. 7 (2016) 3264. 
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CO OXIDATION BY Pt SINGLE ATOMS AND PtnOx CLUSTERS ON CERIA  

Hui Wanga, Jin-Xun Liub, Meiqing Shena, Bryan R. Goldsmithb, Ming Yangc 

a. School of Chemical Engineering and Technology, Tianjin University 

b. Department of Chemical Engineering, University of Michigan 

c. Chemical and Materials Systems Laboratory, General Motors Global Research and 

Development 

Understanding heterogeneous catalysts for low-temperature CO oxidation is important for 

designing improved catalysts for purifying vehicle emissions during engine cold start and cold 

weather. In this talk, we discuss our efforts to probe CO oxidation by isolated Pt single atoms (Pt1) 

and small ~1 nm Pt oxide clusters (PtnOx) on ceria under oxygen-rich conditions. We show 

PtnOx/CeO2 catalysts have a turnover frequency (TOF) per platinum atom that is 100-1000x larger 

than Pt1/CeO2 for CO oxidation between 80 – 100 oC ([O2]/[CO] ~ 50). We predict the stable and 

active PtnOx/CeO2 structure and CO oxidation reaction mechanism under experimentally relevant 

conditions using a combined genetic algorithm/grand canonical Monte Carlo/density functional 

theory approach. Agreement of Pt chemical valence, Pt coordination environment, CO-Pt 

adsorption behavior, and reaction kinetics was shown between our model systems and experiment 

for both the PtnOx/CeO2 and Pt1/CeO2 based on experimental XPS, EXAFS, and CO-DRIFTS 

spectroscopy. The representative ~1 nm catalytic domain in the PtnOx/CeO2 catalysts is modeled 

as a one-layer thick Pt8O14 that distinguishes itself from either single atoms or 3-D nanoclusters 

(Figure 1, left). Each tetragonally coordinated Pt atom in this PtnOx cluster is separated but also 

bridged by oxygen atoms through a Pt-O-Pt unit. Both our theoretical and experimental results 

suggest that the exciting catalytic performance is attributed only to the Pt-O-Pt ensemble in 

PtnOx/CeO2 under these oxygen rich conditions (Figure 1, right)—the lattice oxygen from the ceria 

particle (~20 nm, dominated by CeO2(111) surfaces) does not participate in this unusually high 

catalytic activity at low temperatures. We envision that, if the cross-linked Pt-O-Pt can be 

stabilized through similar oxygen linkages, a similar catalytic species may be created on various 

support substrates other than ceria, such as alumina. These findings open new possibilities for 

designing catalysts with orders of magnitude higher activity by utilizing multiple but individually 

separated metal atoms and alternative oxygen intermediates. 

 
Figure 1. Left) Structure of Pt8O14/CeO2 predicted by DFT + grand canonical monte carlo at T = 350 K 

and pO2 = 0.05 atm. Right) CO oxidation performance on CeO2 supported Pt single atom and cluster 

catalysts. Inset: Experimental rate vs. 1000/T and apparent activation barrier on various synthesized 

PtnOx/CeO2. Atom color legend: O = red; Ce = beige; Pt = blue. The. = theory; Exp. = experiment. 
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SOLVENT EFFECTS IN BREAKING STRONG BONDS IN PHENOLIC COMPOUNDS 

DURING THEIR HYDRODEOXYGENATION CATALYSIS ON Ru 

Alyssa J.R. Hensleya, Junnan Shangguana, Jacob Brayb, Matthew V. Gradiskic, Robert H. 

Morrisc, Jean-Sabin McEwenb, and Ya-Huei (Cathy) China 

a. Multidisciplinary Laboratory for Innovative Catalytic Science, University of Toronto 

b. Gene and Linda Voiland School of Chemical Engineering and Bioengineering, 

Washington State University 

c. Department of Chemistry, University of Toronto 

Renewable production of biomass-based fuels and value-added chemicals requires that both the 

catalytic site and the reaction environment be designed and optimized for the selective removal of 

oxygen (i.e. hydrodeoxygenation, HDO). These reactions are typically carried out in the condensed 

phase and in the presence of solvents. While much effort has been spent in optimizing catalyst 

surfaces for high C-O cleavage selectivity,[1] the effects of solvents are well-recognized, but not 

yet been understood at the molecular scale level. Protic solvents (water, alcohol, etc.) are of critical 

interest as such solvents can promote the incipient ionization of hydrogen adatoms (H*) at the 

solid-liquid interface, forming near surface protons (H+) which can significantly alter the 

kinetically relevant paths.[2] Here, we used density functional theory (DFT)―supported by H/D 

isotopic exchange and kinetic isotope experiments [3]―to unravel the role of solvent on altering 

the chemical identity of the reactive hydrogen species—i.e. H+ versus H*—and the elementary 

HDO reaction mechanism for guaiacol at the H2O-Ru interface. DFT results show that guaiacol 

preferentially binds to Ru via its aromatic ring, forming strong Ru-Car bonds (Car = aromatic ring 

carbon) where Car acquire negative charge (-0.2 electrons). Guaiacol adsorption is followed by 

rapid dehydrogenation of the hydroxyl group (ΔGact and ΔGrxn are 47 and -70 kJ/mol, respectively, 

at 423 K), producing adsorbed guaioxy as the most abundant surface intermediate (MASI). The 

direct cleavage of the C-O bonds in the MASI are energetically costly (ΔGact is 119-150 kJ/mol), 

suggesting that ring hydrogenation is required to break MASI aromaticity and weaken the C-O 

bonds. This is consistent with measured first order rate dependence on H2 for C-O cleavage and 

H/D kinetic isotope scrambling on the aromatic ring observed prior to C-O cleavage on Ru/C at 

423 K.[3] However, addition of H* to the MASI aromatic ring is energy intensive due to the similar 

negative charges on Car and H* (-0.3 electrons). Instead, we find that near surface H+ (+0.6 

electrons)―generated via ionization of H* by solvent molecules at the H2O-Ru interface―attack 

the negatively charged Car and lower the barrier for hydrogen addition to the MASI aromatic ring 

to 61 kJ/mol versus the 117 kJ/mol for H*. Subsequently, the barrier for C-O cleavage decreases 

by 54 kJ/mol after hydrogenation of the aromatic ring. Overall, the change in the reactive hydrogen 

species from H* to H+―which occurs facilitates C-O bond cleavage by dramatically lowering the 

barrier for aromatic ring hydrogenation, consistent with the kinetic experiments showing that C-O 

cleavage occurs ~3 times faster in water as compared to cyclohexane, a nonpolar, aprotic solvent. 

Such mechanistic insights at the H2O-Ru interface are potentially generalizable to the HDO of 

other phenolics. 

 

1. Q. Bu, H. Lei, A.H. Zacher, L. Wang, S. Ren, J. Liang, Y. Wei, Y. Liu, J. Tang, Q. Zhang, and 

R. Ruan, Bioresour. Technol. 124 (2012) 470-477.  

2. P.S. Rice, Y. Mao, C. Guo, P. Hu, Phys. Chem. Chem. Phys. 21 (2019) 5932-5940. 

3. J. Shangguan, N. Pfriem, Y.-C. Chin, J. Catal. 370 (2019) 186-199. 
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FACTORS GOVERNING SITE SPECIFIC RATES OF ELECTRONIC EXCITATIONS 

IN MULTICOMPONENT PLASMONIC PHOTOCATALYSTS 

Steven Chavez and Suljo Linic 

Department of Chemical Engineering, University of Michigan  

Plasmonic metal nanoparticles are promising platforms for manipulating the flow of 

electromagnetic energy at the nanometer length scale. Upon light illumination, plasmonic 

nanoparticles act to confine the energy of incoming radiation in the form of amplified 

electromagnetic fields at their surface. The energy of these fields can then be dissipated either 

through radiative scattering of photons or non-radiative excitation of energetic charge carriers (i.e. 

absorption) in the metal nanoparticle. Recently, there has been increasing interest in controlling 

these plasmon decay processes with the ultimate goal of designing nanostructures with highly 

localized charge carrier generation at specific locations in the nanoparticle. For example, 

manipulating the location of the charge carrier excitation (photon absorption) in terms of surface 

versus bulk excitations is critical in a number of applications, including plasmonic photocatalysis. 

In this contribution, we shed light on the physical framework describing the flow of energy in 

multimetallic plasmonic nanoparticles. We reveal that the rates of plasmon decay through the 

generation of energetic charge carriers are governed by two factors: (1) the intensity of the confined 

plasmon induced electric fields at the surface of the plasmonic nanostructure, and (2) the availability of 

direct, momentum conserved electronic excitations in the material located where the electric fields are 

high. We use these studies to propose a unifying physical framework that leads us towards molecular 

control of excited charge carrier generation in all multicomponent plasmonic systems and provide 

insights into how this physical framework can aid the rational design of multicomponent plasmonic 

materials for plasmonic photocatalysis [1,2,3].  

 

1. Aslam, U., Chavez, S. & Linic, S., Nat. Nanotechnol. 12, (2017) 1000–1005.  

2. Chavez, S., Aslam, U., & Linic, S., ACS Energy Letters. 3, (2018) 1590-1596.  

3. Chavez, S., Govind Rao, V., & Linic, S., Faraday Discussions. (2019) Advanced Article. 

DOI:10.1039/C8FD00143J.  
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CONTROLLING CONCENTRATION OVERPOTENTIALS FOR HIGH EFFICIENCY 

GAS EVOLUTION REACTIONS 

Long Luo, Xu Zhao, and Ruchiranga Ranaweera 

Department of Chemistry, Wayne State University 

During gas-evolving processes, the electrolyte 

solution near electrodes is supersaturated with 

dissolved gas. The interfacial supersaturation 

level can reach as high as 300- to 400-fold.[1-

6] According to the Nernst equation, such a 

high local concentration of the product (in this 

case, dissolved gas) on the electrode surface 

causes a concentration overpotential. Inspired by this overpotential mechanism, our group recently 

developed a facile strategy for highly efficient HER through tailoring the dissolved gas 

concentration at the reaction interface via potassium perfluorooctanesulfonate (PFOS) 

modulation.[7] The addition of PFOS facilitates bubble generation due to its high surface activity, 

which lowers the bubble nucleation energy. As the applied current for H2 evolution was stepped 

from 10-5 A to 5×10-4 A, H2 bubbles started forming at a much lower current of 5×10-5 A for PFOS-

Pt than that for pure Pt. The facilitated bubble formation caused a decrease of the interfacial 

concentration of dissolved H2. In addition, the blockage of surface sites by PFOS surfactant was 

demonstrated to be inhibited due to the desorption of PFOS during the reaction, ensuring the 

sufficient exposure of active sites for HER. Taken together, the lowered interfacial concentration 

of dissolved H2 and the sufficient exposure of active sites result in the remarkable electrocatalytic 

HER performance of PFOS-Pt. The PFOS-Pt showed a much lower overpotential of 27 mV than 

that of 38 mV for pure Pt at the cathodic current density of 10 mA cm-2. This tuning strategy 

provides a promising avenue to manage the bubble generation behaviors at the reaction interface 

for efficient gas-evolving electrocatalysis. 

 

[1] L. Luo, H.S. White, Langmuir, 29 (2013) 11169−11175. 

[2] Q. Chen, L. Luo, H. Faraji, S.W. Feldberg, H.S. White, J. Phys. Chem. Lett., 5 (2014) 3539-

3544. 

[3] Q. Chen, L. Luo, H.S. White, Langmuir, 31 (2015) 4573−4581. 

[4] Q. Chen, L. Luo, Langmuir, 34 (2018) 4554−4559. 

[5] S.R. German, M.A. Edwards, Q. Chen, Y. Liu, L. Luo, H.S. White, Faraday Discuss., 193 

(2016) 223-240. 

[6] Q. Chen, T. Ranaweera, L. Luo, J. Phys. Chem. C, 122 (2018) 15421-15426. 

[7] X. Zhao, R. Ranaweera, L. Luo, Chem. Commun., 55 (2019) 1378−1381. 
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OPTIMIZATION AND CHARACTERIZATION OF SPINEL CATALYSTS FOR 

DIRECT NOx DECOMPOSITION GUIDED BY MACHINE LEARNING 

Charles A. Roberts, Ying Zhang, Gunugunuri K. Reddy, Torin C. Peck, Chen Ling, Debasish 

Banerjee, and Hongfei Jia 

Toyota Research Institute of North America 

Direct decomposition of NOx to N2 and O2 represents an ideal, reductant-free reaction for the 

removal of emissions of this gas from combustion exhaust.  Several classes of metal oxide catalysts 

exhibit activity for this reaction, and among the most promising contain first-row transition metal 

spinels.1,2  We have reported that modification of simple spinel compositions such as Co3O4 and 

Fe3O4 by doping of additional transition metals leads to changes in the metal oxidation state and 

coordination, which can produce catalysts with higher activity and improved selectivity to N2.3  

Considering all possible modifications of this nature for AB2O4 (A, B = Cr, Mn, Fe, Co, Ni, Cu, 

Zn) and the lengthy process of experimentation required to characterize the structural variations, 

it is desirable to seek an alternate method to guide the synthesis, testing, and characterization of 

new catalysts in this spinel composition space.  To this end, we have employed a machine learning 

approach utilizing Bayesian optimization to accelerate the optimization of spinel catalyst 

composition for direct NOx decomposition activity. Utilizing an initial data set consisting of only 

30 spinel compositions, we applied several iterations of machine learning resulting in the discovery 

of active catalysts with new and unique spinel compositions.  Furthermore, the most active spinel 

yielded a 69% increase in activity compared to the compositions contained in the initial data set. 

In general, the composition of the newly identified spinels with high activity was largely defined 

by the presence of both Co and Cu.  Therefore, we proceeded to systematically study a series of 

CuxCo3-xO4 (0 ≤ x ≤ 1) spinel catalysts in an attempt to reveal the structure-activity relationships 

underlying the success of the machine learning approach.  Characterization by X-ray diffraction 

and X-ray absorption spectroscopy revealed a correlation between activity and the incorporation 

of Cu2+ into tetrahedral sites of the spinel crystal structure, and ongoing research indicates that this 

finding is applicable to more complex compositions containing additional transition metals.  These 

results illustrate the ability of machine learning to aid new catalyst material discovery and provide 

direction for characterization towards structure-activity relationships. 

 

1. T. C. Peck, G. K. Reddy, C. A. Roberts, Catal. Sci. Technol. 9 (2019) 1132. 

2. G. K. Reddy, T. C. Peck, C. A. Roberts, Catalysts 9 (2019) 62. 

3. K. Gunugunuri, T. C. Peck, C. A. Roberts, C. Ling, Spinel Oxide Catalysts for Direct NOx 

Decomposition and Influence of K Addition. Presented at the 2017 North American Catalysis 

Society Meeting, Denver, CO, June 7, 2017; O-W-D-6. 
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SYNTHETIC METHODS TO INFLUENCE ALUMINUM DISTRIBUTION IN ZSM-5 

AND CATALYTIC CONSEQUENCES FOR METHANOL DEHYDRATION TO 

DIMETHYL ETHER 

Claire T. Nimlos, Young Gul Hur, John R. Di Iorio, and Rajamani Gounder 

Charles D. Davidson School of Chemical Engineering, Purdue University 

Methanol to olefins (MTO) is important in upgrading natural gas feedstocks to chemical 

intermediates. Product selectivites and deactivation of Brønsted acidic catalysts can be influenced 

by active site and structural diversity [1]. Methanol dehydration to dimethyl ether (DME) occurs 

during the induction of MTO catalysis [2], and is a versatile probe reaction of the acid strength 

and confining environments within porous solid acids [3]. First-order and zero-order rate constants 

depend on the acid strength, defined by deprotonation energy, while only first-order rate constants 

depend on the size of the confining environment, because of the larger size of the DME formation 

transition states relative to smaller methanol monomer intermediates [3,4]. For CHA zeolites, rate 

constants depend on the fraction of paired Al (Al-O(-Si-O)x-Al), x = 1, 2) [5], because different 

mechanisms appear to prevail on isolated and paired sites in small pore zeolites.  

The distribution of Al atoms between MFI channels (~0.5 nm) and intersections (~0.7 nm), and 

the local proximity of Al sites in MFI, depends on the synthetic conditions used [6]. We explore 

this by adapting concepts from charge density mismatch theory [7] by manipulating the 

composition of synthesis media to crystallize MFI with different proportions of Al in proximal 

configurations and within different voids. Divalent cobalt ion exchange, UV-Visible spectroscopy, 

and temperature programmed desorption of NH3 on Co-MFI, were used to quantify the fraction of 

proximal Al, which increased with total Al content and with increasing content of smaller cationic 

structure directing agents (SDAs). Methanol dehydration zero-order rate constants (per H+, 415 K) 

did not vary with total H+ content, or the fraction of proximal Al, reflecting a constant acid strength 

among different site arrangements in MFI. The invariance in zero-order rate constants contrasts 

the findings in CHA, for which rate constants increased systematically with the fraction of H+ sites 

in paired configurations [5]. First-order rate constants varied among the MFI samples studied here, 

reflecting the effects of the SDAs on biasing the distribution of Al sites towards MFI channels or 

intersections. Manipulation of zeolite synthesis parameters to bias acid site location and proximity 

in MFI zeolites, aided by quantitative characterization tools of active site arrangement and their 

catalytic behavior, promises to diversify the catalytic opportunities possible among MFI zeolites 

[8]. 

 

[1] E. Gallego et al., Chem. Eur. J. (2018) 14631. 

[2] U. Olsbye et al., Angew. Chem. Int. Ed (2012) 5810. 

[3] R. Carr et al., J. Catal. (2011) 78. 

[4] A. Jones et al., J. Catal. (2014) 58. 

[5] J. Di Iorio et al., ACS Catal. (2017) 6663. 

[6] J. Dedecek et al., Catal. Rev. (2012) 135. 

[7] J.H. Lee et al., J. Amer. Chem. Soc. (2000) 12971.  

[8] B. Knott, C. Nimlos et al., ACS Catal. (2018) 770. 
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 DEVELOPMENT OF A FUNCTIONAL COATING TO MITIGATE COKING  

IN A TURBOCHARGER COMPRESSOR  

Pallav Jania, Ping Lia, Galen B. Fishera, John W. Hoardb, Johannes W. Schwanka,  

Giovanni Cavataioc, and Dairene Uyc  

a Department of Chemical Engineering, University of Michigan 
b Department of Mechanical Engineering, University of Michigan 

c Research and Innovation Center, Ford Motor Company 

A turbocharger is used to recover thermal energy that would otherwise be rejected to the 

atmosphere through the exhaust system in a vehicle. The compressor housing of a turbocharger 

faces considerable fouling due to deposits (coking) arising from lubricant oil aerosols and 

particulate matter from the crankcase ventilation unit. Prior research has shown that this deposit 

formation can cause degradation of the compressor efficiency by as much as 10% which can 

subsequently lead to decreased fuel economy and increased emissions. This reduction in efficiency 

is correlated with the deposit surface roughness which in turn is dependent on the formulation of 

the lubricant. However, since oil choices by customers are beyond a car company’s control, efforts 

are needed to mitigate deposit formation irrespective of the type of lubricant. The carbonaceous 

deposits formed in the compressor are formed in a low temperature regime of 180 - 220°C. Limited 

literature exists on the coking mechanism and remediation approaches at these temperatures. In 

this study, we demonstrate a functional metal-metal oxide thin film (UM1) that offers low adhesion 

to the formed deposits and may enable the deposits to flake off the surface in the highly turbulent 

flow conditions of the compressor. The film was developed on an Al 6061-T6 coupon by sputter 

deposition. Coking is simulated using the 10W-30 CK-4 factory fill lubricant in an oil aerosol 

coking rig test with coated coupons placed inside the rig test tube. The deposits are analyzed using 

2D imaging, 3D optical profilometry and optical laser interferometry for surface roughness values. 

Deposits formed on UM1 from the coking tests demonstrated protruded flaking in the temperature 

range of 210 - 225°C and maintained a smooth texture below 200°C. No deposit flaking or lack of 

adhesion is observed for the uncoated coupons. To demonstrate low adhesion of the deposits on 

UM1 and its applicability to remediate deposits in a real compressor, a novel laboratory adhesion 

test chamber was designed and setup that simulates the actual temperature and air flow conditions 

(Re > 60000). The adhesion test showed that the flaked deposits blow off the surface at air flow 

velocities as low as 5.6 m/s and near 100% deposit removal was achieved at 50 m/s (Re >60000). 

Due to low deposit adhesion, a slower rate of deposition and ease of deposit removal under the 

operating conditions, UM1 is a promising surface treatment approach to mitigate the low 

temperature coking observed in an automotive compressor. 
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ACTIVE SITE AND CONFINING ENVIRONMENT REQUIREMENTS FOR 

GLUCOSE-SORBOSE ISOMERIZATION IN MICROPOROUS LEWIS ACIDS 

Michael J. Cordon, Juan Carlos Vega-Vila, Alyssa LaRue, Zige Huang, and Rajamani Gounder 

Charles D. Davidson School of Chemical Engineering, Purdue University 

Lewis acidic Ti4+ metal centers substituted within pure-silica zeolites catalyze the isomerization 

of D-glucose to D-fructose and to L-sorbose (1) in parallel routes via 1,2-hydride shift and 1,5-

hydride shift transition states, respectively (2). Here, we study the dependence of glucose 

isomerization turnover rates (per M, 373 K, 1% (w/w) glucose in water) and the selectivity toward 

sorbose over fructose on the metal heteroatom identity (M4+ = Ti, Zr, Hf) and the size of the 

confining environment. Glucose-to-sorbose isomerization turnover rates (per Ti, 373 K) are >200x 

higher when Ti4+ active sites are located within the 12-MR microporous voids of Ti-Beta than 

within larger mesoporous voids (Ti-MCM-41) or unconfined surfaces (TiO2-SiO2). These results 

are consistent with van der Waals interactions between kinetically-relevant 1,5-hydride shift 

transition states and the confining siliceous surrounding voids that become stronger with decreases 

in void size which, in turn, result in lower apparent Gibbs free energies of activation. Glucose 

isomerization turnover rates (per Ti, 373 K) are ~20x lower when tetrahedrally-coordinated Ti4+ 

sites are sequestered within the 10-MR channels of CON and MFI (~0.5-0.6 nm diameter) than 

within the 12-MR channels of Beta (~0.7 nm diameter), consistent with restricted intrazeolite 

transport of glucose reactants (~0.7 nm kinetic diameter). Selectivities of glucose isomerization to 

sorbose over fructose, however, are higher when Ti4+ centers are confined within the 10-MR of 

CON and MFI zeolites (>2) than the 12-MR of Beta zeolites (~0.6), suggesting that reaction 

coordinates that form sorbose (over fructose) are preferentially stabilized within the more 

restricted voids of the reaction environments of CON and MFI. Glucose isomerization turnover 

rates (per Ti, 373 K) become undetectable on Ti-CHA, because intracrystalline glucose transport 

is restricted by the 8-MR of the CHA windows (~0.4 nm diameter). Sorbose formation was also 

observed on Zr-Beta and Hf-Beta, but with lower sorbose-to-fructose selectivities (<0.4) than Ti-

Beta, suggesting the 1,2-hydride shift transition state is preferentially stabilized over the 1,5-

hydride shift transition state at Zr4+ and Hf4+ metal sites. These findings highlight the influence of 

the reaction void space and Lewis acid site identity on glucose isomerization turnover rates and 

the selectivity toward sorbose over fructose.  

 

1. M. E. Davis, R. Gounder, US Pat. No. 9255120 B2, 2014. 

2. R. Gounder, M. E. Davis, ACS Catal. 7 (2013) 1469. 
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POLYVINYLPYRROLIDONE-STABILIZED IRIDIUM NANOPARTICLES 

CATALYZED THE TRANSFER HYDROGENATION OF ACETOPHENONE AND 

NITROBENZENE 

Xinrui Zhou and Meng Zhou 

Department of Natural Sciences, Lawrence Technological University 

We synthesized low-oxidation-state iridium nanoparticles using polyvinylpyrrolidone as the 

stabilizer. The polyvinylpyrrolidone-stabilized 2 nm iridium nanoparticles catalyzed the transfer 

hydrogenation reactions of acetophenone and nitrobenzene. Methanol, ethanol, and isopropanol 

were studied as the source of hydrogen instead of H2. Isopropanol gave the highest product yield 

and selectivity.  In the hydrogenation of nitrobenzene, side products including azobenzene and 

azoxybenzene are formed due to N-N bond formation.  Importantly, the selectivity in the 

nitrobenzene reduction to aniline was drastically improved in the presence of the catalyst. Without 

the catalyst, the product yield and selectivity are both lower than the reaction with the catalyst. 

The nanoparticles and the surface stabilizers were characterized using elemental analysis, XPS 

binding energy analysis, PXRD, FT-IR, and UV-vis spectroscopy. PXRD analysis suggests that 

the nanoparticles have an amorphous structure. XPS binding energy analysis of Ir 4f electrons 

determined that the nanoparticles are made of only 7% zero-valent iridium and 93% oxidized Irn+ 

species, which could be consistent with IrO2. Post-mortem analysis of the catalyst at the end of the 

reaction was carried out, where a surface μ2-carbonyl ligand was detected at 1875 cm-1 by FT-IR 

analysis. 
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A NEW BIMETALLIC COBALT CATALYST FOR ELECTROCATALYTIC WATER 

REDUCTION 

F redricka Morgan and Claudio Verani 

Department of Chemistry, Wayne State University 

Energy production from renewable energy sources is rapidly becoming the global norm. Regarded 

as one of the cleanest renewable sources of energy, hydrogen (H2) can be obtained from water, the 

most promising and abundant source. However, due to the challenging nature of the water splitting 

reaction given by 2H2O → O2 + 4H+ + 4e- (which comprises of water oxidation (2H2O → O2 +2H2) 

and water reduction (4H+ + 4e- → 2H2)), it is necessary that fast and efficient water reduction 

catalysts be developed. In some binuclear cognates of certain monometallic cobalt catalysts, 

activity is expected to be enhanced when two cobalt centers are in close proximity. This is because 

the close distance between the two cobalt centers enhances cooperativity (two metal centers 

working in tandem). Based on our previously published work1, we hypothesize that the 

cooperativity between two cobalt centers with an appropriate distance, angle, and orbital alignment 

will lead to a concerted electron transfer between two centers resulting in the catalytically active 

species that will efficiently convert protons to H2. 

This research focuses on the development of a binuclear cobalt catalyst with a 2,6-bis [(bis(2- 

pyridylmethyl) amino) methyl]-4-methylphenol, (HL1) ligand for water reduction. The catalyst has 

been synthesized and characterized by IR, UV-visible spectroscopy, mass spectrometry, elemental 

analysis, cyclic voltammetry and X-ray crystallography. This catalyst effectively reduces H2O to 

H2 with a high turnover number of 2,820 after 30 minutes of bulk electrolysis at an applied potential 

of -1.6VAg/AgCl using a mercury pool as the working electrode. The cooperativity between both Co 

centers is being probed by electron paramagnetic resonance, density functional theory calculations 

as well as the use of non-catalytic Zn-Zn and Zn-Co analogues. 
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ORIGIN OF COMPETING REACTION PATHWAYS FOR CO2 REDUCTION BY Rh 

NANOCLUSTER AND SINGLE-ATOM CATALYSTS ON TiO2 

Frank J. Doherty, Jin-Xun Liu, and Bryan R. Goldsmith 

Department of Chemical Engineering, University of Michigan 

Many heterogeneous catalysts consist of metal nanoclusters supported by metal oxides, but the 

precise structure-activity relationships of supported nanoclusters are often not well-understood. 

One reason is that metal nanocluster morphology can change dynamically under reaction 

conditions, e.g. via Ostwald ripening, strong metal support interactions, or even disintegration into 

single metal ions.1 In some cases, isolated metal ions are responsible for enhanced catalytic activity 

or selectivity compared with metal nanoclusters and nanoparticles.2  

We aim here to understand the origin of the selectivity differences between Rhx/TiO2 nanoclusters 

and Rh1/TiO2 single atoms toward the thermocatalytic reduction of CO2 via H2 on Rh/TiO2. 

Rhx/TiO2 nanoclusters under CO2 reduction conditions can spontaneously form Rh single atoms 

that have dramatically different selectivities than Rhx nanoclusters (Schematic 1). Rh1 single atoms 

promote the reverse water-gas shift reaction (RWGSR) to form CO and water, whereas Rhx 

nanoclusters drive a parallel competing reaction pathway to produce CH4.3 However, the origin 

for this dramatic selectivity difference is still difficult to observe. Also, the critical Rhx nanocluster 

size where methanation is favored over RWGSR is unknown. We hypothesize that a cluster of at 

least four Rh atoms is required to catalyze the methanation reaction, based on the need for 

additional binding sites of H2 and the higher number of electrons transferred compared to RWGSR. 

Kohn-sham DFT calculations using the PBE functional were performed to examine RWGSR and 

catalytic methanation on Rhx/TiO2 (x = 1-8) to probe the impact of nanocluster size and 

morphology on selectivity. Using a genetic algorithm, we determine the most stable structures of 

Rh1-Rh8 nanoclusters on TiO2. We then calculate the selectivity-determining transition state along 

the RWGSR and methanation reaction pathways at each nanocluster size to probe the origin for 

this pronounced size-dependent selectivity. We also examine if the Rh-dicarbonyl vibrational 

stretch is sufficient to distinguish between Rh1 single atoms and slightly larger clusters (Rh2-Rh8), 

which has implications for the interpretation of CO DRIFTS experiments. 

 

 

Schematic 1. A Rhx/TiO2 nanocluster is 

disintegrating in the presence of gaseous reactants 

(CO, CO2, H2) to form Rh single-atom carbonyl 

complexes on the surface (i.e., Rh1(CO)/TiO2 or 

Rh1(CO)2/TiO2). The Rh1 species can selectively 

reduce CO2 to CO and water, whereas Rhx/TiO2 

prefers methane formation. Hydrogen, water, and 

methane are not shown for clarity. Colors: Light 

blue = Ti; Gray = Rh; Red = O; Black = C. 

 

1. R. Ouyang, J. X.  Liu, & W. X. Li, J. Am. Chem. Soc. 135 (2013) 1760–1771. 

2. X. F. Yang, A. Wang, B. Qiao, J. Li, J. Liu, & T. Zhang, Acc. Chem. Res. 46 (2013) 1740–1748. 
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CATALYTIC SIGNIFICANCE OF PROTON-HYDRIDE PAIR DURING PYRIDINE 

AND PYRROLE HYDROGENATION ON SULFIDED Ru CLUSTERS 

Haiting Caia, Roberto Schimmentib, Haoyu Niea, Manos Mavrikakisb, and Ya-Huei (Cathy) China 

a. Department of Chemical Engineering & Applied Chemistry, University of Toronto 
b. Department of Chemical and Biological Engineering, University of Wisconsin-Madison 

N-containing heteroarenes in crude oil consist of compounds with six- or five-membered rings that exhibit 

basic and non-basic characters, respectively.[1] The removal of nitrogen heteroatoms from these 

compounds via the hydrodenitrogenation (HDN) requires hydrogenation (HYD) and C-N bond 

hydrogenolysis (CNH) catalytic steps.[2] Since the parallel hydrodesulfurization process generates H2S as 

a side product, HDN reactions typically occur in the presence of H2S with a large excess of H2. Previous 

thermodynamic study has shown that metallic Ru can convert to RuS2 at 573 K, when exposing to H2S-H2 

mixtures at H2S-to-H2 ratios above 1.97 × 10-4.[3] Our DFT calculation has proven that the most stable 

RuS2(100) surface under this condition is the S-deficient surface model with four adsorbed H species 

(S1+4H), which includes (a) the protonic Hδ+ on S2- anion [S2-‑(Hδ+)] and the hydridic Hδ- on Ru4+ cation 

[Ru4+‑(Hδ-)], derived from H2 heterolytic dissociation, and (b) the molecularly adsorbed H2S species on 

Ru4+ cation (Ru4+‑SH2) derived from H2S adsorption. Their binding energies and surface deprotonation 

energies increase in the order of S2-‑(Hδ+) < Ru4+‑(Hδ-) ≈ Ru4+‑(SH2). Since N-containing heteroarenes are 

electron-rich compounds, their HYD is generally initiated by the protonation step, where the electrons 

transfer from either the N-atom or the π-bond to the proton. After accepting a proton, the N-intermediate 

becomes electron-deficient, and thus the next H addition event involves the electron donation from a 

hydride. The remaining H addition events will also occur in a sequence of a proton addition and in turn a 

hydride addition step. Therefore, these H species act as proton-hydride pairs during the HYD of N-rings. 

Kinetics of pyridine and pyrrole HYD on Ru/SiO2 clusters (4% wt.) were explored at 573 K and 1.5 MPa 

(510.0-1250 kPa H2, 1.8-13.5 kPa H2S, 4.5-15.0 kPa pyridine/pyrrole, 4.5  10-2 m3 h-1 g-1) with an 

approach-to-equilibrium maintained below 10%. The XPS analysis has confirmed that one monolayer of 

RuS2 has been formed under the operation conditions. The apparent orders of H2, H2S, and pyridine are 

1.35 ± 0.11, 0.22 ± 0.01, and 0.45 ± 0.01 for pyridine HYD. According to the kinetic dependences and DFT 

calculations, we derived the sequences of elementary steps. Since the N-atom in pyridine contains a lone 

electron pair, pyridine HYD is initiated with the addition of either a S2-‑(Hδ+) or a Ru4+‑(SH2) proton on the 

N-atom, followed by the addition of a Ru4+‑(Hδ-) hydride onto the α-C. After adding another four H species, 

the catalytic cycle is completed, giving piperidine as the product.  

In contrast, the apparent orders of H2, H2S, and pyrrole are 0.96 ± 0.02, -0.29 ± 0.03, and 0.65 ± 0.18 for 

pyrrole HYD. Since the lone electron pair of N-atom in pyrrole delocalized in the π-conjugated system, its 

HYD is initiated by the proton from Ru4+‑(SH2) proton attacking the β-C, followed by hydride addition 

from Ru4+‑(Hδ-) hydride on the α-C. After two more H additions, it finally desorbs as pyrrolidine.  

As described, both pyridine and pyrrole HYD involves proton and hydride pairs. Since pyridine has a higher 

proton affinity than pyrrole, it can interact with either the S2-‑(Hδ+) or Ru4+‑(SH2) proton in the first H 

addition step, while pyrrole can only interact with the S2-‑(Hδ+) proton. This difference in proton affinities 

results in a change in the identity of the kinetic relevant steps; for pyridine, HYD is kinetically limited by 

the second hydrogen addition, while for pyrrole, it is limited by the first hydrogen addition. In summary, 

our study provides the mechanistic picture that guides us in optimizing the catalytic routes for efficient 

HDN processes through tuning of the charge of the reactive H species and understanding the connection 

between proton affinities of the N-heteroarenes and their hydrogenation reactivities.   

1. E. Furimsky, F.E. Massoth, Catalysis Reviews, 47 (2005) 297-489. 

2. R. Prins, M. Jian, M. Flechsenhar, Polyhedron, 16 (1997) 3235-3246. 

3. J.G. McCarty, H. Wise, The Journal of Chemical Physics, 74 (1981) 5877-5880. 
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DEVELOPMENT OF A WET CHEMICAL METHOD FOR CONTROL OF 

CATALYST DEACTIVATION 

Hope O. Otor, Bryan J. Allen, Joshua Steiner, and Ana C. Alba-Rubio 

Department of Chemical Engineering, The University of Toledo 

Catalyst deactivation is one of the major challenges associated with the use of heterogeneous 

catalysts, owing to its effects on the durability and the impact on manufacturing costs in industrial 

applications. The goal of this research is to develop an effective wet chemical method to 

encapsulate catalysts and prevent their deactivation.  

Different methods have been explored over the years in an attempt to overcome the problems 

associated with catalyst deactivation.  Some of those techniques include Atomic Layer Deposition 

(ALD) [1, 2], Chemical Vapor Deposition (CVD) [3], Strong Metal-Support Interaction (SMSI) 

[4], and core-shell methods. ALD has particularly received increased attention due to its potential 

to prevent leaching and sintering in base metals (e.g., copper) for liquid phase reactions [1]. 

Although ALD is effective, it makes use of expensive precursors and high vacuum, and it is time 

consuming. SMSI has also been used to encapsulate catalysts to protect them from deactivation 

[4]. However, SMSI is extremely selective, as not all metal oxides show this phenomenon, which 

limits its application. The challenges associated with these and other approaches propelled our 

desire to develop a facile and more economically viable process.   

We have recently developed a wet chemical method to grow an alumina overcoating layer onto 

silica spheres, and this has been further optimized to control its thickness.  Future efforts will be 

geared towards utilizing this method to encapsulate metal nanoparticles to prevent their 

deactivation through leaching and sintering, which are predominant modes in aqueous systems. 
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VISIBLE LIGHT INDUCED PHOTOCATALYTIC HYDROGEN EVOLUTION USING 

A CdS-Ni2P HYBRID AEROGEL SYSTEM 

Kody G. Whisnant, Da Li, and Stephanie L. Brock 

Department of Chemistry, Wayne State University 

Due to the increasing global energy demand and the climate change impact of CO2 from energy 

production, it is essential to construct clean energy production and storage systems. Photocatalytic 

evolution of hydrogen from water by visible light serves as a promising and appealing pathway. 

CdS nanoparticles are good visible light absorbers but not efficient hydrogen evolution catalysts, 

while Ni2P is shown to be an exceptional electrocatalyst for the hydrogen evolution reaction 

(HER). Integration of Ni2P nanoparticles with CdS nanoparticles using a sol-gel approach is 

expected to yield a hybrid system that will enable the efficient transfer of photo-generated carriers 

on CdS to catalytically active Ni2P sites. In this work, the assembly of pre-formed nanoparticles 

to make CdS-Ni2P hybrid aerogels will be described and photocatalytic HER data will be 

presented. The performance of these novel architectures will be compared to CdS nanoparticles 

and CdS aerogels. The role of interparticle coupling, porosity and surface passivation on catalytic 

efficiency will also be discussed. Research reported in this presentation was supported by the 

National Institutes of Health under Award Numbers GM118981, GM118982 and GM118983, the 

National Science Foundation under Grant Numbers CHE1367702 and DMR1361470, the Wayne 

State University President M. Roy Wilson BUILD Scholars Program and the Wayne State 

University Graduate School. The content is solely the responsibility of the authors and does not 

necessarily represent the official views of the National Institutes of Health, the National Science 

Foundation or Wayne State University. 
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METAL ORGANIC FRAMEWORKS FOR HETEROGENEOUS CATALYSIS  

Allison Rabon and Michael C. Young 

Department of Chemistry and Biochemistry, University of Toledo 

Metal Organic Frameworks (MOFs), a rapidly growing field, akin to coordination polymers, have 

the potential to revitalize energy storage, catalysis, and waste water treatment. MOF’s high 

tuneability, via pre or post-synthetic modification (PSM) promote countless different topologies 

catered to one’s desired application. Our aim is to develop MOFs with post-synthetically 

introduced sensitive functionality with the ability to stabilize low valent and/or low coordinate 

metals for enhanced heterogeneous catalysis. Achieving this goal will minimize the use of 

nonrecoverable sterically bulky ligands that can be difficult/expensive to synthesize and replacing 

them with recyclable robust-support networks with the same catalytic metal stabilization ability. 

Known frameworks, as well as, PSM analogues with sensitive functionality are currently being 

investigated for their stabilization of catalytic species for heterogeneous catalysis. 
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DISCOVERING CATALYST DESIGN RULES FOR CONJUGATED 

 POLYMER SYNTHESIS 

Matthew D. Hannigan, Anne J. McNeil, and Paul Zimmerman 

Department of Chemistry, University of Michigan 

Fused-arene containing polymers are often among the best-performing materials used in organic 

electronics but are usually synthesized via methods that result in uncontrolled material properties. 

Attempts at applying methods that enable more precise control, such as catalyst-transfer 

polymerization (CTP), to these polymers often fail due to the formation of poorly understood off-

cycle intermediates. The key to accessing novel fused-arene polymers with controlled properties 

therefore lies in the ability of chemists to identify catalysts that do not react in these unproductive, 

off-cycle reactions. Our computational and experimental studies show that for thienothiophene, a 

challenging monomer for CTP, current catalyst design strategies do not enable us to obtain 

controlled polymer growth. This poster will highlight efforts in understanding the features of Ni 

catalysts that may enable us to access thienothiophene containing polymers and avoid these 

unexpected reactions. We expect that this work will demonstrate the necessity of rigorous catalyst 

design strategies in expanding the scope of polymers accessible via CTP, and will highlight the 

importance of computational reaction mechanism tools in organic processes. 
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MECHANISTIC STUDY OF ISOTACTIC PROPYLENE OXIDE POLYMERIZATION 

BY A FLEXIBLE BIMETALLIC CR(III) CATALYST 

Allison G. Roessler, Timothy M.E. Jugovic, and Paul M. Zimmerman 

Department of Chemistry, University of Michigan 

Bimetallic chromium (III) catalysts are investigated for the enantioselective polymerization of 

isotactic poly(propylene oxide) (PPO). Though isotactic PPO is semi-crystalline and has many 

desirable properties, atactic polymers are more common in industry due to their ability to be 

produced from racemic propylene oxide (1). Herein is reported an accessible catalytic mechanism 

for the polymerization of isotactic PPO from racemic propylene oxide monomers.  

Quantum chemical calculations are employed to provide a 

mechanistic explanation for the involvement of suspected 

hydroxyl and 1,2-propanediol arrest states. Calculations 

indicate that the slow step of the induction period is a result 

of this highly favorable binding. These species were found 

to be lower in energy than the next productive steps along 

the reaction pathway, accounting for the experimentally 

observed incubation time.  

Further computational investigation using the single-ended growing string method (2) is performed 

to uncover the polymerization mechanism for several analogs of the salen catalyst in order to 

illuminate factors that influence conversion and selectivity. While substitutions on the catalyst 

yielded no rate advantage, selectivity varied from catalyst to catalyst. 
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