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Many geochemical and environmental processes, including metal ion hydrolysis, oxidation/reduction, mineral surface solvation and adsorption, and solid phase growth and dissolution, are not well characterized at a fundamental molecular level.  While traditional levels of quantum mechanical theory (such as Density Functional Theory, DFT) have proven valuable for describing certain molecular level phenomena, these theories are limited to very small numbers of molecules and the dynamics capabilities are generally limited to the optimization of initially input structures.  On the other hand, molecular dynamics approaches are capable of dealing with large numbers of atoms.  However, these methods are not very transferable from one system to another or from one phase to another, and perhaps more importantly, they are not well suited for treating molecular processes that contain strong many-body forces, such as polarization, electron transfer, and bond breaking.  
In order to address these issues we have been focusing on the development of pseudopotential plane-wave (PSPW) methods.  The PSPW methods unlike DFT or other quantum mechanical approaches are not based upon the traditional expansion of the wavefunction using basis functions centered on the atom, but rather the wavefunctions are expanded using plane-waves and pseudopotentials are used to represent atomic cores.  The advantage of the PSPW method is that it has been shown to have accuracies close to chemical accuracy for many applications, yet is still fast enough to treat systems containing hundreds of atoms.  Another significant advantage is its ability to simulate dynamics on a ground state potential surface directly at run-time.  This method’s efficiency and accuracy make it a desirable first principles method of simulation in the study of complex molecular, liquid, and solid-state systems.  Applications for this first-principles method include the calculation of free energies, search for global minima, explicit simulation of solvated molecules, and simulations of complex vibrational modes that cannot be described within the harmonic approximation. 

In this talk we review the methodology of PSPW methods, describe the current PSPW capabilities implemented into the NWChem program package, and present results for several systems of chemical, geochemical, and biochemical interest.
