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 C-H bond activation: Computational studies of late transition metal clusters 

  Correlation operator: Description of electron correlation effects using 2-electron operators and single determinant 

wavefunctions. 

 Geminal Theory: Building model chemistries based on antisymmetric product of electron pairs. 

 Semiclassical Bohmian dynamics: Development of computationally cheap method to capture leading quantum corrections to 

nuclear dynamics. 
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 Correlation operator: Analysis of the possibilities and shortcomings of widely popular Density Functional Theory led us to the 

description of correlation effects via correlation operator.  We found it to work well for atoms, and try to apply correlation 

operator approach for molecules. 

 

 Image potential:  How does the force between the metal surface and the approaching charge gets modified from its classical 

form when two are close enough to interact?  We develop a Pariser-Parr-Pople type model of a metal to investigate this 

question computationally. 

 

 Born-Oppenheimer correction:  The quantum motion of nuclei may have an important contribution to the precise 

thermochemical calculations and to the height and shape of reaction barriers.  We investigate both types of effects by refining 

a Born-Oppenheimer theory, and doing thermochemical analysis and the reaction dynamics. 

 

 G3 theory:  A very accurate thermochemical calculations can be performed on a medium-sized (~100 electrons) molecules by 

using the Gaussian-3 theory.  We help to extend the theory to third-row elements and refine it by analyzing relativistic and 

Born-Oppenheimer contributions, and developing new basis sets. 
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The analysis of electron spin and nuclear magnetic resonance spectra often requires a computational input.  The computations use 

a delta function operator that is difficult to get with satisfactory precision.   We developed a new class of operators which, being 

computationally almost as efficient as the delta function, significantly improved calculations of spin densities on nuclei.  In the 

analysis of new operators we discovered a number of general mathematical theorems useful in wave function computations.  
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Many properties of the ionized liquids and solids can be determined by knowing the distribution of distances between the parent 

cations and thermalized electrons.  We used a Monte-Carlo simulation to obtain and rationalize the distribution of thermalized 

electrons in liquid hydrocarbons. 
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We measured recombination parameters of photoexcited electrons in n-hexane.  The data was found to be consistent with 

Mozumder-Magee model of electron energy loss in non-polar media.  
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Computational Complexity of Non-relativistic Quantum Mechanics:  Implications for the Quantum Potential, Jul 2008 at the 

Workshop on Quantum Trajectories, Los Alamos, NM 

Polynomial Scaling of Spin Problem, July 2008 at the VI Congress of the International Society for Theoretical Chemical Physics, 

Vancouver Canada  

Geminals as wavefunctions building blocks: New level of model chemistry, Oct 2007 at the workshop on mathematical methods 

in chemistry, Nice, France 

Long-time stable semiclassical dynamcs, Dec 2006 at the Workshop on Bohmian Dynamics, Ausin, TX 

Semiclassical dynamics employing approximate quantum potential, June 2006 at the 2006 Great Lakes Regional ACS Meeting in 

Milwaukee, WI 

Semiclassical nonadiabatic dynamics with quantum trajectories, August 2005 at the 230th National ACS Meeting in Washington, 

DC 

Semiclassical nonadiabatic dynamics in mixed representation, May 2005 at the 34th Southeast Theoretical Chemistry Association 

Meeting in Knoxville, TN 

Recent developments in geminal model chemistries, March 2005 at the 229th National ACS Meeting in San Diego, CA 

Non-locality and non-classical momentum in semiclassical Bohmian dynamics. The density nodes, July 2004 at the workshop 



"Quantum and Semiclassical molecular dynamics of nanostructures" in Los Alamos, NM 

A geminal model chemistry, May 2003 at the 2003 Great Lakes Regional ACS Meeting in Chicago, IL 

Model chemistry based on strongly orthogonal geminals, March 2003 at the 225th National ACS Meeting in New Orleans, LA 

Model chemistry based on electron geminals, January 2003 at the Quantum Los Alamos National Laboratory, Los Alamos, NM 

(seminar) 

Geminal model chemistry, December 2002 at the Quantum Theory Project at the University of Florida, Gainesville, FL (seminar) 

Geminal model chemistry, April 2002 at the Center for Computational Quantum Chemistry at the University of Georgia, Athens, 

GA (seminar) 

 

Contributed 
More than 10 contributed talks in the last 5 years 

  

FUNDING 

 

South Carolina Computational Chemistry Consortium (SC4), SC EPSCOR $ 117,311  06/13 - 07/14 

Development of correlation operator approach to model electron correlation, NSF $ 220,000,  07/12 - 06/16 

Computer cluster for wide range chemical applications and Education, PI: Dawson, Co-PI: Adams, Garashchuk, Rassolov, 

Shimizu, NSF, $220,550, 01/01/11-12/31/13 

Computational Chemistry Workshop, SC EPSCOR $ 4,995  05/12 - 09/12 

Development of partially spin-restricted geminal model for studies of transition metal compounds, Petroleum Research Fund, $ 

80,000, 09/01/06-08/31/10 

Semiclassical dynamics and description of nonadiabatic effects, NSF $ 311,000,  09/01/05-08/31/09 

SGER: Model Chemistry Based on Electron Geminals, NSF, $ 92,804, 06/01/03-05/31/04 

Multidimensional Semiclassical Dynamics with Quantum Trajectories, Petroleum Research Fund, $ 35,000, 09/01/02-08/31/05 

Modeling of Interactions between Charges and Nanoparticle, Research and Productive Scholarships, USC, $14,500, 04/01/02-

06/30/03 

 


