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Light-driven processes in molecular systems and nanostructures are modeled
computationally using calculations. In particular, scientists use density functional
theory calculations to understand how complex, multiscale phenomena, including
how light influences nanomaterials. Future modeling of these complex
phenomena will extend from individual atoms to very large systems with
thousands of atoms. Credit: American Chemical Society

To create the next generation of solar panels and other light-driven
devices, scientists must model how complex interactions occur.
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Modeling across different scales, from individual atoms to very large
systems with thousands of atoms, provides needed insights. In a review
article in Chemical Reviews, a team of scientists assessed the state of the
art for calculations used to model electronic states in exceedingly thin
films. The calculations and resulting models shed new light on relevant
predicted electronic and optical properties and light-driven dynamic
processes. For example, scientists developed models that led to rational
design principles for better solar panels and other solar energy
conversion technologies.

This review article provides a one-stop shop for understanding the state
of the science and highlights upcoming computational challenges, such
as simulating large numbers of atoms and phenomena that cross scales,
such as interactions at the atomic scale that influence far larger areas.

Scientists reviewed electronic structure calculations of light-driven
processes in organic and semiconductor nanostructures. They also
reviewed how these calculations have furthered our understanding of the
optical properties and excitation dynamics of the nanostructures. In the
review, these nanostructures range from nanocrystals called quantum
dots with zero dimensionality to nanotubes and isolated polymer chains
of organic semiconductors that are quasi–one-dimensional materials.
The size, shape, and topology of these nanostructures control their
properties. The dimensionality defines the "quantum confinement" in
these nanostructures and affects the electronic structure and
"photophysics."

For example, the size of the quantum dot determines the confinement of
the electronic excitation, i.e., the electronic band gap strongly depends
on the size of the quantum dot. In addition, factors ranging from surface
chemistry to structural disorder affect electronic properties as well as
light harvesting and carrier transport in solar energy conversion devices.
The scientists highlighted how theory, modeling, and simulation can
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complement experiments to fully understand and exploit electronic and
structural properties. Nevertheless, the authors identified challenges
ranging from the computationally unmanageable number of atoms in
large-scale nanostructures to the complexity and multiscale nature of
important optical phenomena that must be overcome.

  More information: Svetlana Kilina et al. Light-Driven and Phonon-
Assisted Dynamics in Organic and Semiconductor Nanostructures, 
Chemical Reviews (2015). DOI: 10.1021/acs.chemrev.5b00012 

Svetlana Kilina et al. Conditions for Directional Charge Transfer in
CdSe Quantum Dots Functionalized by Ru(II) Polypyridine Complexes, 
The Journal of Physical Chemistry Letters (2014). DOI:
10.1021/jz502017u

Mary M. Hedrick et al. First-Principles Studies of the Ground- and
Excited-State Properties of Quantum Dots Functionalized by
Ru(II)–Polybipyridine, The Journal of Physical Chemistry C (2013). 
DOI: 10.1021/jp403819h

Provided by US Department of Energy

Citation: Modeling sunlight harvesting in nanostructures (2016, July 25) retrieved 23 April 2024
from https://phys.org/news/2016-07-sunlight-harvesting-nanostructures.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

Powered by TCPDF (www.tcpdf.org)

3/3

http://dx.doi.org/10.1021/acs.chemrev.5b00012
http://dx.doi.org/10.1021/jz502017u
http://dx.doi.org/10.1021/jz502017u
http://dx.doi.org/10.1021/jp403819h
https://phys.org/news/2016-07-sunlight-harvesting-nanostructures.html
http://www.tcpdf.org

