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Computing Light Induced Molecular Dynamics 

LANL developed NEXMD software package models conversion of 
energy from photons into electrical or chemical energy through 
interacting electronic and nuclear motions. 

 
Artistic view of the migration of electron-hole pairs (excitons) to different molecular branches followed by 
carrier dissociation. Electronic energy is transferred to atomic vibrations that promote energy transfer. The 
electronic energy conversion and atomic motions are modeled using the Non-adiabatic EXcited state 
Molecular Dynamics (NEXMD) software package. 
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The Science  
At the Center for Integrated Nanotechnology (CINT) and the Theoretical Division, researchers have 
developed the NEXMD (Non-adiabatic EXcited state Molecular Dynamics) software package to model 
the conversion of energy from light into electricity. When a material absorbs photon, light energy is 
transformed into electronic energy by creating electron-hole pairs (excitons). The exciton energy is 
gradually transferred back to the environment as a heat. As it decays, the exciton can move to different 
parts of a molecule where some of its energy can be given to vibrations. In molecular systems, complex 
energy landscape and vibrations can promote the splitting of electrons and holes into free charges 
capable of generating electricity. The NEXMD software package models the movement of excitons 
through a material and the interaction between electrons and vibrations. 

The Impact 
Compared to other software packages, NEXMD uses a quantum mechanical description for electrons 
and a classical description for nuclei. Its computational efficiency makes it possible to investigate 
realistically large molecules (100’s of atoms). NEXMD simulations of artificial and natural systems are 
able to complement spectroscopic experiments at all relevant timescales to open new avenues for 
designing more efficient light-harvesting and optically-active materials that can improve solar cells, 
LEDs, and detectors. 

Summary 
Compared to classical molecular dynamics modeling software, NEXMD introduces the interaction 
between electron and nuclear motions (vibrations) that drives exciton migration and splitting. NEXMD 
simulations can be used to investigate a variety of light-induced processes (i.e. bond breaking reactions 
and isomerization, energy and charge transfer, exciton trapping) that are relevant for technological 
applications. The NEXMD software introduces several new theoretical advances. For the first time, 
dielectric environment can be included in the exciton dynamics. The new solvent models reveal intricate 
details of how the environment can play a critical role in stabilizing charge transfer and influencing the 
lifetime and migration of excitons. The NEXMD also incorporates new algorithms allowing simulations to 
reach unprecedented length and timescales allowing simulation results to be directly connected to 
experiments. 

Contact 
Tammie Nelson tammien@lanl.gov 

Alexander White alwhite@lanl.gov 

Josiah Bjorgaard jbjorgaard@lanl.gov  

Sergei Tretiak tretiak@lanl.gov 
Los Alamos National Laboratory 

mailto:tammien@lanl.gov
mailto:alwhite@lanl.gov
mailto:jbjorgaard@lanl.gov
mailto:tretiak@lanl.gov


Science Web Highlights 
February 2018 

Funding 
The work at Los Alamos National Laboratory (LANL) was supported by the LANL Laboratory Directed 
Research and Development (LDRD) program. This research used resources provided by the LANL 
Institutional Computing (IC) Program, which is supported by the U.S. Department of Energy National 
Nuclear Security Administration. This research was also supported by the Center for Integrated 
Nanotechnology (CINT), a U.S. Department of Energy, Office of Basic Energy Sciences user facility.  
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