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The ability to structure matter from very small (nanometers) to large (millimeters) 
length scales has enabled a wide variety of new materials with almost “science 
fiction”-like optical properties to emerge. This session consists of topics that focus on 
two different types of structures that can manipulate light in unexpected ways. The 
topics complement each other perfectly and highlight the breadth of new possibilities 
that can result by controlling structures at the right length scales. First, the approach 
to create new structures: top-down fabrication methods are used to produce 
metamaterials while bottom-up chemical syntheses are used to grow nanomaterials 
for solar cells. Second, the materials themselves: metamaterials rely on metals while 
nanostructured solar cells rely on ceramics and semiconductors. Finally, the 
wavelengths of light: the first metamaterials interacted with light at microwave 
frequencies (ca. one meter) while nanostructured photovoltaic devices interact with 
light at optical frequencies (several hundred nanometers).  
 
Metamaterials have captured the imagination of people from a wide range of 
backgrounds and ages—from scientists and engineers who are interested in 
manipulating light to children and fans of Harry Potter and his invisibility cloak 
(author: J.K. Rowling). Of course the underlying motivation for this interest is quite 
different. Scientists want to know how structured materials can be designed to exhibit 
new and exceptional properties; others simply want to know when they will be able to 
purchase a garment that can render them invisible.  
Metamaterials are constructed from composite (metal and dielectric) building blocks 
whose sizes are much smaller than the wavelength of incident light. The idea that 
such engineered materials could be “left-handed” or cause light to bend the “wrong” 
way through a material was first introduced in 1968. The first experimental 
realization of this negative refractive index effect was demonstrated by D.R. Smith in 
2000 at microwave frequencies. In this case, each building block in the artificial 
lattice had an overall size of several millimeters, and each was composed of wires and 
“split rings.” The two most intriguing applications of metamaterials include their use 
as “cloaking” devices to render objects invisible at will and as “super-lenses” to image 
features much smaller than optical wavelengths.  
 
 



Solar energy has been argued to be the only long term, sustainable solution to meet 
the growing energy demands of our planet. To harness the power of this energy source, 
new nanostructured materials are being developed that can produce electricity or 
fuels from sunlight more cheaply and efficiently (i.e., with a high rate of converting 
photons to electrons). Recently, nanostructured ceramics, such as titanium dioxide, 
have been shown to be surprisingly effective for both criteria. For example, when 
immersed in water and under sunlight, titanium dioxide can directly generate 
hydrogen. Thus, a tremendous and concentrated effort to understand the fundamental 
science of these nanomaterials is under way.  
Nanostructured materials are playing a key role in the design of new types of 
photovoltaic or solar cell devices. Although the most widely used material in 
commercially available solar cells is single crystalline silicon because of its high 
energy conversion efficiencies (~25%), the natural resources are limited, and the cost 
of materials is presently high. Alternative photovoltaic devices based on thin films, 
nanostructured photoelectrodes, and semiconducting nanomaterials and that are also 
light weight as well as inexpensive to manufacture are being pursued. Such advances 
can help overcome challenges to obtain new clean and renewable energy sources for 
the future. 


