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Short Bio: Bobby G. Sumpter received his Bachelor of Science in Chemistry from 
Southwestern Oklahoma State University (1983) and a Ph.D. in Physical Chemistry from 
Oklahoma State University in 1987. Following postdoctoral studies in Chemical Physics 
at Cornell University 1987-1988 and in Polymer Chemistry at the University of 
Tennessee, Bobby joined the Chemistry Division at Oak Ridge National Laboratory in 
the Polymer Science group. He is currently the group leader for the Computational 
Chemical and Materials Sciences group and the Nanomaterials Theory Institute.  Dr 
Sumpter’s research is focused on the fundamental understanding of nanoscale self-
assembly processes, interactions at interfaces, the structure and dynamics of molecular-
based materials including multi-component polymers and composites, and the physical, 
mechanical and electronic properties of nanostructured materials. 
	
Brief Research Synopsis 
 
My research is directed primarily toward developing and applying modern computational 
and mathematical capabilities for the understanding and prediction of chemical and 
physical processes ranging from the molecular to the nanoscale to full-size engineering 
applications, using a multidisciplinary approach that integrates chemistry, physics, and 
materials science. Work 
is closely coupled with 
the experiments at the 
Center for Nanophase 
Materials Sciences 
(CNMS) and the 
Spallation Neutron 
Source (SNS), with a 
scientific focus on using 
theory and multiscale 
simulations and 
modeling for providing 
interpretive and 
predictive frameworks 
for virtual design and 
understanding of novel 



nanoscale materials with specific and/or emergent properties. The underlying goal is to 
understand, predict, design, control, and/or exploit complex behavior that emerges at 
the nanoscale to enable capabilities that can lead to new innovations and improved 
materials for energy science and technology.  Overall, this vision is aggressively pursued 
through a multi-pronged, holistic, and tight integration with Oak Ridge National 
Laboratory distinctive capabilities in precision experimental synthesis  and state-of-the-
art characterization alongside leadership class computing. 
 
Research Areas/Topics:  
	

(1) Computational Soft Matter Science: Unraveling the underlying multiscale 
physicochemical processes that control nanostructure morphologies and 
macroscopic physical, mechanical, electrical, and transport properties.  Our goal 
is to understand how to design and control the nanoscale organization of 
macromolecular nanomaterials and their nanocomposites in order to achieve 
improved structure, properties, and functionality. Research highlights polymer-
based materials for energy storage (supercapacitors and batteries), energy 
conversion (organic optoelectronics and photovoltaics), and lightweight 
structural materials (nanocomposites).  

(2) Surface/Substrate-Mediated Interactions, Interfaces, and Self-Assembly: 
Understanding the mechanism(s) whereby unique assemblies of atoms and 
molecules are formed under realistic conditions to enable the design and 
synthesis of materials with prescribed functional (physiochemical) properties. 
We combine first-principles discovery and understanding enabled by high 
fidelity modeling/simulation with application of unique experimental methods 
for producing materials with nanometer scale structure (synthesis, surface 
patterning, layer deposition and nanostructuring, etc.) along with state-of-the-art 
tools for characterization, to study how intermolecular interactions and the 
complex correlations of atoms and molecules dictate the formation and 
properties of oriented nanostructures. This includes the effects of reduced 
dimensionality, confinement, and how substrates and support media or the 
environment interact with and induce changes to materials. 

(3) Nanostructured and Layered Materials: Understanding how atomic scale 
structure, confinement, and quantum mechanical effects impact electronic 
processes within these nanostructures and across interfaces. Very thin sheets of a 
material can exhibit greatly enhanced properties such as increased electrical 
conductivity as compared with the bulk and are well suited for applications in 
new electronic devices, super-strong light-weight composite materials and for 
energy generation and storage.  For these materials, we can reliably 
discover/predict structure-function-transport relationships. 

(4) Cyber-Enabled Design of High Capacity Energy Storage Materials: Theory, 
computational modeling and simulation, to investigate materials electrochemical 
processes at the length and time scale where the underlying “behavior” is 
controlled. The goal is to perform research that will not only lead to predictive 
simulations but that will advance the basic understanding of energy storage 
systems. For example, we want to be able to screen new electrolytes or additives 



for high-voltage batteries for chemical stability and to design improved 
formulations based on the insight obtained. At the same time, we need to be able 
to model stress buildup during phase transitions in battery electrodes during 
charge/discharge cycles and to co-design materials and nanostructures to 
diminish degradation.   

(5) 	“Virtual” Materials Characterization & Prediction: A computational-based 
capability using input from (in-situ) experimental tools like X-ray and neutron 
scattering, (S)TEM, scanning probes, various spectroscopies, and a purely first 
principles approaches, to enable rapid structural and dynamical characterization: 
a step towards multi-modal, multi-physics fusion and deep data analytics. The 
thesis for this work is that structure and properties of molecules, solids, and 
liquids are direct reflections of the underlying quantum motion of their electrons, 
therefore theoretical and computational science when performed in concert with 
experiments can enable inroads toward solving some of the grand challenges in 
energy science.  Modern facilities provide a direct means to address this 
capability, in terms of mathematics, computer science (leadership computing), 
and experimental imaging and characterization facilities.		
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integrated simulation, synthesis and neutron scattering, Materials Research Society 
Meeting, Boston, MA, Nov. 30-Dec.4, 2015. 
 
Rajeev Kumar, Bobby G. Sumpter, Theory-informed design of functional soft matter for 
energy science and technology, ACS National Meeting & Exposition, Boston, MA, 
August 19, 2015.  
 
Bobby G. Sumpter, Polymers and Materials by Design, Duke University, September 18, 
2015.  
 
Bobby G. Sumpter, Materials at Interfaces, Frontiers in Data, Modeling and Simulation 
Workshop (invited), March 24, 2015, Argonne National Lab.  
 



Bobby G. Sumpter, The Importance of Interfacial Dynamics in Polymer-Based 
Multicomponent Materials, Stochastic Materials Workshop, Carey Institute for Global 
Good, Rensselaerville, NY (invited), Oct. 24, 2014.  
 
Bobby G. Sumpter, Interfacial Dynamics in Polymer-Based Multicomponent Materials, 
Neutron Scattering in Soft Matter Workshop, Louisiana State University (invited), Dec. 
8-9, 2014.  
 
“The Importance of Interfacial Dynamics in Polymer-Based Multicomponent Materials”, 
Stochastic Materials Workshop, Carey Institute for Global Good, Rensselaerville, NW 
(invited), Oct. 24, 2014.  
 
“Interfacial Dynamics in Polymer-Based Multicomponent Materials”,Neutron Scattering 
in Soft Matter Workshop, Louisiana State University (invited), Dec. 8-9, 2014.  
 
“Nanostructured Materials: What’s next and How Can Computational Science Help?”, 
Materials Science and Physics Seminar, Rensselaer Polytechnic Institute, Oct. 9 Troy, 
NY (2014). 
 
“Computationally Guided Design of Nanostructured Soft Matter and Multicomponent 
Materials for Energy Science”, Invited key note, Electronic Materials and Applications 
2014 (American Ceramics Society), January 22-24, Orlando, FL (2014). 
 
“Understanding the origin of high-rate intercalation pseudocapacitance in Nb2O5 
crystals”, Electronic Materials and Applications 2014 (American Ceramics Society), 
January 22-24, Orlando, FL (2014) 
 
“Computationally Guided Design of Nanostructured Materials for Energy Science”, 
Chemical and Biomolecular Engineering Department Seminar, University of Tennessee, 
March 4 (2014). 
 
“Functional Materials Discovery and Design for Energy Sciences”, Invited Seminar, 
Southern Illinois University, Carbondale, IL April 17 (2014). 
 
“Large-Scale Simulations of Soft Matter and Multicomponent Materials for Energy 
Science Applications”, Grand Challenges in Soft Matter Workshop, University of 
California, Santa Barbara, May 18 (2014). 
 
“Nanostructured Soft Matter and Multicomponent Materials”, Gordon Research 
Conference, Mt. Snow, VT (invited key note), July 19 (2014). 
 
 “Computationally Guided Design of Nanostructured Soft Matter and Multicomponent 
Materials for Energy Science”, Invited key note, Electronic Materials and Applications 
2014 (American Ceramics Society), January 22-24, Orlando, FL (2014). 
 



“Computationally Guided Design of Nanostructured Materials for Energy Science”, 
Chemical and Biomolecular Engineering Department Seminar, University of Tennessee, 
March 4 (2014). 
 
“Large-Scale Simulations of Soft Matter and Multicomponent Materials for Energy 
Science Applications”, Grand Challenges in Soft Matter Workshop, UC Santa Barbara, 
May 17-18 (2014). 
 
“Functional Materials Discovery and Design for Energy Sciences”, Southern Illinois 
University, April 17 (2014). 
	
“Nanomaterials Theory Institute and Computational Chemical and Materials Sciences”, 
Duke University, March 12 (2013). 
 
“Interfacial Compatibilizers and Buffer Layers for High Efficiency Organic 
Photovoltaics”, Materials Research Society Meeting, November (2012). 
 
“Computational Studies of Nanostructured  Soft Matter and Multicomponent Materials 
for Energy Sciences”, Center for Interdisciplinary Research and Graduate Education, 
October (2012). 
 
“Nanostructured Soft Matter and Multicomponent Materials for Energy Sciences”, 
Department of Physics and Astronomy Colloquium, University of Tennessee, September 
(2012) 
 
“Nanostructured Soft-Matter Materials”, Recent Advances in Materials Physics 
Symposium, NCSU, Raleigh, NC May (2012). 
 
“Guiding the Design for Functional Materials for Energy S&T”, Workshop on 
Opportunities for Accelerating Neutron Data Analysis, SNS, June (2012). 
 
 “Guiding the Design of Graphitic Materials for Efficient Energy Storage and 
Conversion”, American Carbon Society Workshop, Stone Mountain, GA March 29-30 
(2012). 
 
 “Exploring Structure-Property-Transport Relationships in Nanoscale Graphitic 
Systems”, 2nd Annual EPSCoR Workshop, Knoxville,TN Oct. 10-12 (2011). 
 
 “Computational Insight for Guiding the Design of Nanostructured Materials”, 20th 
Conference on Current Trends in Computational Chemistry, Jackson, MS, Oct. 27-29 
(2011). 
 
 “Guiding the Design of Nanostructured Materials for Efficient Energy Storage, 
Conversion, and Transmission”, Conference on Computational Physics 2011, 
Gatlingburg, TN, Oct. 30- Nov. 3 (2011). 
 



 “Design of Nanostructured Materials: Can Computational Science Help?”, East 
Tennessee American Chemical Society meeting, Oak Ridge, TN, Nov. 8 (2011) 
 
 “Computational Exploration and Design of Functional Nanostructured Materials”, 
Workshop on Modeling and Simulation of Materials in Soft Matter Science, Spallation 
Neutron Source Nov. 9-11 (2011). 
 
 “Simulation of Polymers in Complex Formulations”, P&G workshop, Oak Ridge 
National Laboratory, Oct. 21 (2011). 
 
“Modeling and Simulation of Interfacial Interactions and Processes”, SOS15, Engelberg, 
Switzerland, March 14-16 (2011). 
 
“Towards Understanding and Design of Functional Nanostructured Materials”, 
Chemistry and Dynamics in Complex Environments Workshop, Telluride, Colorado, 
June 26-Juy 1 (2011). 
 
“Self-assembly of charged-neutral diblock copolymers”, American Chemical Society 
National Meeting, Denver Colorado, August 28- Sep. 2, (2011). 
 
“Guiding the Design of Nanostructure Materials”, HPC Forum, San Diego, California, 
Sep. 6-9 (2011). 
 
“Nanoscale self-assembly and interfacial interactions”, NSRC’s  Workshop: Theory and 
Simulation of Nano Scale Materials, Center for Integrated Nanotechnologies (CINT), 
Albuquerque, New Mexico, Oct. 14-15 (2010). 
 
“Simulation and Modeling of the Structure and Dynamics of Multicomponent Polymeric 
Materials and Nanocomposites”, Polymer Science and Engineering Department, 
University of Massachusetts Amherst, Dec. 9-10 (2010). 
 
“Insights obtained from coarse-grained modeling of charged polymers”, American 
Chemical Society SERMAC meeting, New Orleans, Dec. (2010) 
 
“Design of advanced polymeric materials: can computer simulation help?”, MARCO-
2010, ITT Delhi, Dec. (2010). 
 
“Towards Enabling the Guidance of Functional Materials Design”, Workshop on 
Materials by Design, Oak Ridge National Laboratory, Sep. 20-21 (2011). 
 
 “Exploring Structure-Property Relationships of Nanaoscale Graphitic Systems”, MRS 
International Meeting, Mexico August (2010) 
 
“Self-Assembly and Nanoscale Confinement for Manipulating Structure and Properties 
of Materials”, University of Tennessee, Chemistry/Materials/Physics seminar August 
(2010) 



 
“Energy Storage and Conversion: How can Theory, Modeling, and Simulation Help”, 
ORNL Symposium on Solar Energy and Energy Storage, September (2010) 
 
“Theoretical and Computational Studies of Energy Conversion and Storage“, University 
of Tennessee, Chemical and Biological Engineering Seminar, September (2010). 
 
“Nanoscale Self-Assembly and Interfacial Interactions”, NSRCs Theory Workshop, 
Albuquerque, New Mexico, (2010). 
“Exploring Structure-Property Relationships in Nanoscale Graphitic Systems”, MRS 
International meeting, Cancun Mexico, August 2010. 
 
“Exploring Self-Assembly and the Fundamental Properties of Materials at Nanoscale 
Interfaces”, colloquium at IPICyT, San Luis Potosi, Mexico (2009). 
 
“Nanoscale Self-Assembly and the Fundamental Properties of Materials at Interfaces”, 
Workshop on Organic Electronics and Spintronics, Nagoya Japan (2009). 
 
“Using Self-assembly and Confinement for Manipulating Nanoscale Structure and 
Emergent Properties” CMOS Emerging Technologies Workshop, Canada (2010) 
 
“Computational and Theoretical Nanoscience”, Invited Lecture for CNMS educational 
outreach program, April (2010). 
 
“Overview on the Next Generation Force Fields for Nanoscience”, CNMS Workshop, 
Sep. (2010). 
 
 “On Exploring Structure-Function Relations at the Nanoscale: Energy Storage 
Applications”, Ecuador, First International Nanotechnology Congress, Quito, Ecuador 
(2010) 

 
 “Theoretical  and Computational Modeling of Carbon-Based Supercapacitors”, 6th 
International Symposium on Computational Challenges and Tools for Nanotubes, 
Montreal, Canada (2010) 

 
 “Computational Modeling of Carbon Nanostructures for Energy Storage Applications”, 
IEEE Nano 2010, Seoul, South Korea (2010) 

 
 “Theoretical and Computational Modeling of Carbon-Based Supercapacitors”, ASME 
2010 International Mechanical Engineering Congress, Vancouver, Canada, (2010) 

 
 “Theoretical and Computational Modeling of Carbon-Based Supercapacitors”, 
Symposium on Research Opportunities in Electrochemical Energy Storage, Argonne, IL 
(2010) 

 



 “Theoretical and computational modeling of carbon-based supercapacitors”, MRS Fall 
Meeting Boston (2009) 
 
“Nanoscale self-assembly: manipulation and control of the structure, morphology and 
properties of materials”, B. G. Sumpter, Workshop on Dynamics in Extreme 
Environments, Telluride, CO (2009).  
 
“Manipulation and control of the structure, morphology and properties of heterostructures 
and carbon nanotubes”, B. G. Sumpter, ACS National Meeting, Salt Lake City, UT 
(2009). 
 
“Unconventional Donor-Acceptor Molecules for Supramolecular Assembly and 
Electronics”, B. G. Sumpter, NSRC Contractors meeting, Annapolis, MA (2009). 
 
“Capacitor Models for Various Regimes, Carbons and Electrolytes”, Advanced 
Automotive Battery (AABC) conference, Long Beach, CA (2009) 
 
“Dynamics and Structure of Multicomponent Polymeric and Nanocomposite materials”, 
B. G. Sumpter, Proctor & Gamble (2009). 
 
“Nanoscale Self-Assembly of Functional Materials”, B. G. Sumpter, ACS Regional 
Meeting, Little Rock, AK (2008). 
 
“Structure, Dynamics and Properties of Materials at the Nanoscale”, B. G. Sumpter, 
IPICYT, Mexico (2008). 
 
“Nanoscale Self-Assembly: Understanding and Control”, B. G. Sumpter, ETSU, 
Department of Physics and Astronomy (2008). 
 
“Nanoscale Self-Assembly of Functional Molecular Architectures”, B. G. Sumpter, 
University of Mass., Amherst (2008). 
 
“Towards Controlling the Growth of Carbon Nanotubes”, B. G. Sumpter, Summer school 
on computational chemistry and materials science, Jackson MS (2008). 
  
 “Nanoscale self-assembly”, B. G. Sumpter, Telluride Workshop on Complex Phenomena 
(2007). 
 
“Computational Studies of Nanoscale Self-Assembly: A New Class of Supramolecular 
Wires”, B. G. Sumpter, 15th Conference on Current Trends in Computational Chemistry, 
Jackson State University, Nov. (2006) 
 
 
Recent Collaborations: Mike Barnes, Tom Russell– University of Massachusetts 
Amherst; Steven Stuart – Clemson University;  Rui Qiao – Virginia Tech; Steven Gray– 
Argonne National Laboratory; Tuan Vo-Dinh, S. Curtarolo – Duke University; Jerry 
Darsey – University of Arkansas; William Goddard III – California Institute of 
Technology; Robert Tuzun – Suny Brockport; Chao Yang – Lawrence Berkeley National 



Laboratory; David Sherrill, J. L. Bredas, David Bucknell – Georgia Tech; Joshua Otaigbe 
– University of Southern Mississippi; Ronald Castellano – University of Florida; Scott 
Sides– National Renewable Energy Laboratory (NREL); Ed Valeev – Virginia Tech; J. 
Leszczynski – Jackson State University; David Keefer, Mark Dadmun, Jimmy Mays, 
Mike Kilbey – University of Tennessee; Martin Bakker – University of Alabama; Ian 
Gould  – Imperial College London, M.S. Dresselhaus  – MIT; M. Terrones   – Penn State 
University; M. Endo  – Shinshu University; A. Filho –  Universidade Federal do Ceara;  
F. Banhart, Universite de Strasbourg; J. Sponer – Academy of Sciences of Czech 
Republic; F.J. Luque –  Universitat de Barcelona; Marco Nardelli – North Texas; Jerry 
Bernholc – NCSU; Vincent Meunier– Rensselaer Polytechnic Institute (RPI); Mauricio 
Terrnones – RPI; P.M. Ajayan – Rice University; A. Avgeropoulos–University of 
Ioannina, Greece 
  
Graduate and Postdoc Advisors:  
Graduate Advisor:  Donald L. Thompson (U. Missouri- Columbia) 
Postdoctoral Advisors: Greg S. Ezra (Cornell University), Bernhard Wunderlich 
(University of Tennessee, ORNL) 
  
Postdoctoral Scholars Mentored (recent):   
Michael Drummond (University of North Texas)  
De-en Jiang (University of California, Riverside) 
Jingsong Huang (Oak Ridge National Laboratory)  
Alejandro Lopez-Benzanilla (Argonne National Lab) 
Eduardo Cruz-Silva (Penn. State University) 
Rajeev Kumar (Oak Ridge National Laboratory) 
Jan-Michael Carrillo (Joint Institute for Computational Sciences, University of Tennessee 
& ORNL) 
Jyoti Mahalik  (Oak Ridge National Laboratory) 
 
Graduate Student Mentorship: I have served on the committees and/or co-advised 5 
Ph.D. students at the University of Tennessee (Department of Chemistry: Diaz Linton, 
William Carlen, Jacob Fasso-Tande), at Clemson University (Department of Chemistry: 
Pamala Piotrowsk), and the University of Arkansas (Department of Chemistry: William 
Griffin). Additionally, I have served on the committees and co-advised 2 International 
graduate students in the Advanced Materials Department at the Instituto Potosino de 
Investigación Científica y Tecnológica in San Luis Potosi, Mexico (Jessica Campos-
Delgado and Eduardo Cruz-Silva).  Currently I am mentoring, Artem Maksov (Ph.D. 
student at the University of Tennessee in the Bredesen Center for Interdiscplinary 
Graduate Education and Brandon P Plaisance (Ph.D. student at Georgia Institute of 
Technology and part of the ORNL Graduate Opportunities program) 
 
Summer Student/Interns: Through ORAU/ORISE I consistently mentor a large number 
of summer students and visitors (on average 5 students each summer).   
 
 


