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applications. The smaller the membrane 
gets, the smaller—and more fragile—the 
electrical connections to the membrane 
must be. Light could be used to switch 
mini- or micro-scale gas flows for devices 
such as hand-held chemical analyzers, 
medical equipment or complex process 
equipment. 

Using light to switch the state of the 
membrane could make such devices 
more robust. “[There are] no connections 
to break and no interfacing to control 
systems,” Marshall says. In addition, 
optical control of switching could be a 
safety issue when working with flammable 

The gas-permeability of a “smart” 
membrane can be changed, revers-

ibly, by shining light on it. The mem-
brane, developed by graduate student 
Eric Glowacki and his advisor Kenneth 
Marshall at the University of Rochester’s 
Laboratory for Laser Energetics, blocks 
gas when illuminated by ultraviolet 
light, but permits gas to flow when lit by 
purple light (Proc. SPIE 7775, 77750G). 
This is the first membrane in which light 
controls gas permeability. 

Some smart membranes for gas flow 
use electrical or thermal control, but 
making contacts is difficult for some 

Noncontact optical control of an 
embryonic heart will help researchers 

learn how congenital heart defects occur 
and how heart tissue might be grown.

Michael W. Jenkins and others at 
Case Western Reserve University and 
Vanderbilt University demonstrated that 
pulsed infrared light can control the pace 
of a quail heart (Nature Photon. 4, 623). 
Previous work showed that laser pulses 
could cause reaction in heart tissue in 
vitro, but this is the first demonstration 
of optical pacing in an intact heart.

When the laser pulse frequency 
increases, so does the heart rate of the 
embryo, although the mechanism isn’t 
entirely understood. The IR wavelength is 
near the water absorption peak, and local-
ized heating (below the damage threshold 
to the tissue) may cause the effect.

The researchers think that a thermal 
gradient in the tissue is responsible for the 
changes, because it opens ion channels 
in a cascade along a heart cell. This effect 

Controlling Gas Flow with Light 

Laser Controls the Pace of a Beating Heart

gases—for example, when flow switch-
ing a hydrogen or methane gas stream 
from a fuel cell into a hydrogen-powered 
vehicle. And finally, optical switching is 
much faster than the other options.

The membrane is composed of liquid 
crystals (LCs) and a dye filling the 
pores in a piece of hard plastic. Purple 
light puts the dye into a rod-like shape, 
aligning the LCs and allowing gas to 
easily flow through the holes. But when 
lit by UV light, the dye molecules bend 
into a banana shape and the LC phase 
is disrupted, changing the ability of the 
gas to penetrate the membrane. Because 
the LC orientations can be manipulated, 
they could be developed to separate gases 
of different sizes and shapes.

This is a liquid solution, with capillary 
action holding the LC dye in the pores. 
But this year, they reported making a 
gel: The dye is physically bound to the 
LC material, which itself is polymeriz-
able. This means it can be used at higher 
pressures, and possibly even as a free-
standing material.

—Yvonne Carts-Powell
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spurs along an electrical impulse that 
makes the heart contract. “The wave-
length and pulse energy of the laser mat-
ters,” Jenkins says. But it’s still early days 
yet. “We still haven’t done enough studies 
to be sure what is going on,” he adds.

Nevertheless, optical pacing could 
be an excellent tool for investigating 
what can go wrong in developing hearts. 
Altering stresses on the heart can lead to 

changes in gene regulation that ultimate-
ly may lead to congenital heart defects. 
Jenkins explains, “Optical pacing gives 
us a great way to noninvasively control 
these stresses on the heart and delve 
deeper into the pathways that lead to 
defects.” Another tool developed in the 
same lab complements it—an imaging 
method that allows them to visualize 
the embryo heart beating in 3-D and 
measure stresses.

If optical pacing can be used on adult 
heart tissue, it could be used in pacemak-
ers and other clinical applications. The 
group is now experimenting with adult 
heart tissue to determine whether the laser 
could be used as an implantable pacemak-
er or to pace an adult heart during surgery 
or other clinical work. Current pacemak-
ers use electrical impulses, but optical pac-
ing provides some advantages, including 
the ability to stimulate tissue with more 
spatial precision.

—Yvonne Carts-Powell

Gas-permeable 
membrane can 
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ent colors of 
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Carbon-Nanotube Coating 
Improves Thermal Detector

A very black carbon-nanotube coat-
ing, combined with an innovative 

fabrication process, makes a new infrared 
detector with nearly ideal performance 
over a wide range of wavelengths.

Scientists at the U.S. National Institute 
of Standards and Technology (NIST) 
built a pyroelectric detector out of a slab 
of lithium tantalate (LiTaO3) coated 
with vertically aligned carbon nanotubes. 
According to the NIST team (Nano Lett. 
10, 3261), better detectors are essential for 
improving the calibration of optical-fiber 
power meters, satellite-based sensors and 
radiation sources.

It’s difficult to find coating mate-
rials with low reflectance at longer 
wavelengths, especially in the terahertz 
region, explained John Lehman of 
NIST’s optoelectronics division. One 
common coating material for infrared 
detectors is “gold black,” an evaporated 
gold coating that is difficult to replicate 
from unit to unit.

The coating on the new NIST detec-
tor consists of a sparse, rough “forest” of 
multi-walled carbon nanotubes, which, 
unlike their single-walled cousins, exhibit 

Colorized micrograph of ultra-dark 
material—a sparse “forest” of fine car-
bon nanotubes—coating a NIST laser 

power detector. Image shows a region 
approximately 25 μm across.

uniform reflectance over 
the infrared region. The 
nanotubes are of slightly 
varying heights (roughly 
162 μm). Lehman’s 
modeling showed that 
if the tubes are close 
enough to touch, the 
coating’s absorptance is 
about 75 percent, but 
if they’re spaced a few 
tube diameters apart, the 
absorptance rises to 99 percent.

Like all pyroelectric materials, LiTaO3 
has a Curie temperature above which it 
loses its polarization—in this case, about 
665 °C. Since the chemical vapor deposi-
tion process for applying the coating 
heated up the crystal to about 750 °C, 
the researchers added a post-processing 
step in which they reheated the detector 
between two charged electrodes. Cool-
ing the detector in the presence of an 
electric field causes the crystal to remain 
polarized and gives the detector its ther-
mal sensitivity.

The NIST team measured the reflec-
tance of the nanotube-coated detector 

Aric Sanders/NIST

Chemistry for Harvesting Sunlight

R esearchers reported advances in 
molecular systems for efficient 

solar energy conversion and storage at 
the recent American Chemical Society 
meeting in Boston (Massachusetts, 
U.S.A.). Session organizers Victor Batista 
and Charles Schmuttenmaer from Yale 
University said, “The world leaders in 
this field are here.” 

Much of the work shown at the ACS 
meeting focused on investigating and opti-
mizing one of more of the fundamental 
steps in dye-sensitized solar cells, includ-
ing charge injection, charge collection 
and regeneration of the chromophore. 

Schmuttenmaer emphasized that 
important recent results include the 

over the range of 4 to 14 μm and found 
that it was less than 0.011 percent over 
all wavelengths—a near-perfect black. 
A slight periodicity in the plot of reflec-
tance versus wavelength reveals optical 
interference that could be lessened by 
reducing the density of the nanotubes. 
The researchers would like to extend that 
kind of performance out to wavelengths 
of 50 μm or even 100 μm, which would 
bring these ideal detectors into the tera-
hertz regime.

Lehman’s team included one materi-
als-science researcher from Stony Brook 
University (U.S.A.).

— Patricia Daukantas

development of tools to gain insight 
at the molecular level, including new 
theoretical as well as spectroscopic and 
electrochemical methods. He said, “You 
can get a reaction, but you don’t know 
what’s going on until you analyze the 
individual steps,” which allows research-
ers to optimize the devices. 

Several presentations focused on 
quantum dots, which are promising 
components of solar cells because they 
are robust and may offer high absorption 
of visible and infrared light, where the 
solar spectrum has maximum intensity. In 
addition, much work focuses on extended 
dye molecules that sensitize semiconduc-
tors for absorption in the visible and IR. 

Research on infrared-sensitized solar cells, 
which could be deposited on transpar-
ent windows, was presented by Elena 
Jakubikova from North Carolina State 
University (U.S.A.).

A number of papers related to the 
evolution of multiexcitonic generation. 
Victor Klimov and R.D. Schaller of Los 
Alamos National Laboratory (U.S.A.) 
reported the exciting news that a single 
photon could generate up to seven exci-
tons and, thus, multiple excited electrons 
(Phys. Rev. Lett. 92, 186601; Nano 
Lett. 6, 424). This offered a potential 
path to increased efficiency of solar cells. 
Experimental work since then, however, 
has reduced expectations. 
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bypasses limitations of battery storage by 
converting solar energy into fuel. 

—Yvonne Carts-Powell

(Left) A titanium-oxide solar cell with a manganese-based photosensitizer oxidizes isopro-
panol to create oxygen, electrons and hydrogen ions. (Right) These are recombined with a 
platinum catalyst.

A number of researchers—including 
the session organizers—are developing 
molecular systems that use light to directly 
power chemical reactions. This strategy 

Klimov reported spectroscopic 
evidence suggesting that two electrons 
might be generated by a single photon. 
“It looks like there might be multiple 
excited electrons,” Batista explained. “If 
so, the outstanding challenge would be 
to collect them.”

Efficiencies for both organic thin-film 
and dye-sensitized solar cells continue 
to be well below those of single-crystal 
silicon (around 20 percent) or com-
mercially available cadmium-telluride 
solar panels (18.5 percent). Several talks 
focused on ways to deal with recombi-
nation problems, which have limited 
organic thin film solar cells to efficien-
cies under 6 percent. Dye-sensitized 
solar cells, which were also discussed, 
are typically based on titanium dioxide 
and offer current efficiencies just above 
11 percent.


