
www.osa-opn.org

SCATTERINGS | NEWS

6 | OPN Optics & Photonics News

Controlling 
Animal Behavior 
with Light

B y using low-power laser pulses, 
researchers at the University of 

North Carolina, Chapel Hill (N.C., 
U.S.A.) demonstrated that they could 
manipulate the brain wiring responsible 
for reward-seeking behaviors in mice. 
They used optogenetics—a combination 
of genetic engineering and laser technol-
ogy—to study the pathways between 
two parts of the brain involved in feel-
ing reward, the amygdala and nucleus 
accumbens (Nature 475, 377, 2011; 
doi:10.1038/nature10194). 

Optogenetics has been around since 
2005, when a team from Stanford Uni-
versity (Stanford, Calif., U.S.A.) showed 
that they could control the firing of neu-
rons using light (OPN, July/August 2011, 
p. 26). To make neurons responsive to 
light, they genetically modify brain cells 
to include light-sensitive proteins called 
opsins. Then they shine laser beams 
onto the brain cells via optical fibers 
implanted in the brain. The light can 
either excite or block their activity with 
millisecond precision. 

Brain research targets the connections between 
the nucleus accumbens (red), and amygdala fibers 

(green). Optogenetic stimulation of these nerve 
fibers produces a rewarding effect in mice.

Since then, researchers have devel-
oped opsins that respond to different 
colors, respond at varying speeds and 
are specific to types of cells. Optogenet-
ics now gives brain researchers a tool that 
is more specific than electrical stimula-
tion or drugs. 

Brain scientists have been pretty 
sure that the connections between the 
basolateral amygdala and the nucleus 
accumbens control reward-motivated 
behavior, but they did not have the tools 
to test the theory. 

When the researchers stimulated the 
neural pathway with light—thereby 
“rewarding” the mice—they found that 
the mice repeated behaviors that would 
trigger additional laser stimulations. 
Specifically, each time one of the mice 
inserted its nose into a small receptacle, 
a laser pulse train would be delivered to 
activate the neural pathway. Mice readily 

Stuber Laboratory, University of North Carolina, Chapel Hill

Exploring Mechanochromic Dyes

Luminescent dyes that change color 
in response to mechanical force, and 

then change back to the original color 
at a later time, have potential uses for 
artistic displays and sensing applications. 
Researchers in Cassandra Fraser’s group 
at the University of Virginia (Charlot-
tesville, Va., U.S.A.) reported that they 
can tune the optical properties of their 
boron-based reversible mechanochromic 
dyes with simple changes to the dye’s 
chemical makeup. Three recent papers in 
the Journal of Materials Chemistry describe 
advances to their understanding and abil-
ity to control the properties of what they 
are calling Scratch the Surface Inks. 

learned to poke their noses hundreds of 
times to earn laser stimulations over the 
course of the experiment, demonstrat-
ing the importance of this pathway in 
controlling reward seeking. 

Next, the researchers trained the mice 
to associate a cue (the turning on of a 
lightbulb) with a reward of sugar water. 
When they used a different wavelength 
of light in combination with other 
opsins to inhibit the connection, the 
mice changed their behavior, no longer 
anticipating the sugar water when the 
light turned on. 

This unprecedented level of control 
is allowing researchers to figure out the 
physical mechanisms of addiction and 
other ills such as Parkinson’s disease, and 
it may help them to develop better treat-
ments. In fact, optogenetics itself could 
become a therapy for these diseases. 

—Yvonne Carts-Powell

The dyes glow under a UV lamp, 
and the color changes with mechanical 
perturbations. Materials that exhibit 
mechanochromic luminescence are 
rare. “What is very rare and seemingly 
unprecedented about our materials,” says 
Fraser, “is that the marks that you make 
self-erase or fade at room temperature.” 
Fraser calls them renewable inks because 
they can be written and erased many 
times. (See movie at: www.youtube.com/
watch?v=tYvSpoj1NLQ.)

The dyes are a compound of boron 
with different chemical groups attached. 
They first made a dye with a 12-carbon 
chain, a simple hydrocarbon alkyl tail. 

“This kind of chain appears in waxy, oily 
and soapy molecules,” Fraser explains, 
“and that is how my student discovered 
mechanochromic luminescence for this 
class of compounds: He wanted to see if 
this compound felt greasy and noticed 
the emission color change upon rubbing” 
(J. Mater. Chem. 21, 8295, 2011; doi: 
10.1039/c0jm03871g).

Because the dyes are based on such 
simple and modular chemistry, the 
researchers can change various features 
and see how that affects properties. 
Previously they found that emission 
color can be tuned over a 70 nm range 
in dye-biopolymer conjugates, as the 
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polymer chain length is 
varied. Here they tuned the 
color by varying the ring sizes 
on the dye (J. Mater. Chem. 
21, 8401, 2011; doi 10.1039/
c0jm04326e). And recently 
they demonstrated that 
changing the length of the 
alkyl chain alters the speed 
with which the marks fade (J. 
Mater. Chem. 21, 8409, 2011; 
doi: 10.1039/c1jm00067e).

The luminescence occurs 
both in solution and as solids 
though mechanochromic 
luminescence—a solid-state effect. They 
combined the boron with avobenzone, 
a UV-absorbing ingredient commonly 
used in sunscreen. The resulting boron 
avobenzone compound forms a crystal-
line solid. This makes it easier to char-
acterize using x-ray analysis, to see how 
the molecules are arranged and packed 
in the solid. 

Cassandra L. Fraser and Rosana Rubio-Hernández, University of Virgina

A small amount of the solid dye 
can be smeared on a surface to pro-
vide bright luminescence under UV 
light. The interactions with the surface 
also influence the optical properties. 
The same dye can give different colors 
on different substrates, and for some 
substrates the colors changed and faded, 
while in other cases, the marks were 

more stable and colorfast. 
One substrate even showed 
four different colors over time. 

Also, there is the question 
of mixing. The group is cur-
rently investigating what hap-
pens when dyes are mixed. Do 
you get light mixing or energy 
transfer to the lowest energy 
state and then emission or even 
non-radiative decay?

The simple materials can 
act as optomechanical sensors 
and as self-erasing rewritable/
renewable inks. They could 

perhaps be used to image and detect 
different mechanobiological effects. 
“Once we have a better understanding 
of what kinds of magnitudes of forces or 
pressures activate the optical changes in 
the dyes, then we can think about what 
biological processes fall in that range,” 
says Fraser. 

—Yvonne Carts-Powell

Boron-
based dyes 

luminesce 
brightly 

under UV 
blacklight, 

and change 
color in 

response to 
mechanical 

force. 
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University of Rochester/Biomedical Optics Express

Scientists Image Rods in the Living Eye

(Left) The smallest 
cones at the center 
of the retina (the 
fovea). Whenever 
we gaze at some-
thing, the image we 
see is formed over 
these cones. (Right) 
A more eccentric 
retinal location; the 
large bright dots 
with a dark ring 
around them are 
cones, and the sur-
rounding (and more 
abundant) smaller 
spots are rods. 

N early 95 percent of the photore-
ceptors in our eyes are rods, the 

2-µm-diameter cells that sense low levels 
of light. New research at the University 
of Rochester (N.Y., U.S.A.) demonstrates 
a way to image these tiny but important 
receptors in the living eye (Biomed. Opt. 
Express 2, 1864, 2011; doi:10.1364/
BOE.2.001864).

The team led by Alfredo Dubra, 
assistant professor of ophthalmology 
and biomedical engineering at Rochester, 
took the first in vivo images of rod cells. 
Seeing the living rods could help physi-
cians and drug developers study vision-
robbing diseases such as age-related 
macular degeneration (AMD) and cone-
rod dystrophy. For example, scientists 
do not yet know whether AMD, a major 

their scanning ophthalmoscope work in 
a separate article (Biomed Opt. Express 2, 
1757, 2011; doi:10.1364/BOE.2.001757). 
Their technique could benefit other types 
of eye imaging, such as optical coher-
ence tomography. The Rochester group’s 
technique images the eye consistently 
across multiple subjects, which would be 
important in diagnostic settings.

Dubra and his co-workers will work 
on improving the ophthalmoscope’s 
resolution, which will make it a smaller 
instrument more suitable to clinical use. 
In parallel, they will try to image gan-
glion cells, which still have not been seen 
in the living eye. Finally, they want to 
bring their work to clinicians who study 
retinal diseases. 

—Patricia Daukantas

cause of blindness in older people, begins 
in the rod or cone cells of the retina.

The key to the scientists’ success was 
an adaptive-optics scanning ophthalmo-
scope consisting of four afocal “tele-
scopes” in a non-planar arrangement that 
reduces astigmatism in the instrument. 
For a light source, the ophthalmoscope 
used superluminescent diodes emitting at 
wavelengths of 680 and 775 nm, rather 
than lasers. Illumination with the diodes 
reduces or eliminates laser speckle in 
images of rough surfaces, according to 
Dubra. The final rod images were aver-
ages of multiple raw frames to reduce 
the graininess caused by photon and 
readout noise.

Dubra and Rochester colleague 
Yusufu Sulai published the details of 

Nanoscale Optical Waveguide 
Steers Photonic Possibilities
Photonic components of future com-

munications systems will require 
tight confinement of optical modes over 
significant propagation distances. The 
recent experiments of a team at Lawrence 
Berkeley National Laboratory (Berkeley, 
Cal., U.S.A.) demonstrate a new tech-
nique for confining light in nanoscale 
waveguides (Nature Comm. 2, 331, 
2011; doi:10:1038/ncomms1315).

The Berkeley team conceptual-
ized a new kind of quasiparticle, the 
hybrid plasmon polariton, capable 
of confinement to volumes much 
smaller than the optical diffraction 
limit without the loss of strength that 
occurs when surface plasmon polari-
tons cross a metal-dielectric interface.

To demonstrate the concept, 
researchers Volker Sorger, Ziliang 

Zhang Group, Lawrence Berkeley National Laboratory

The hybrid plasmon polariton waveguide consists 
of a semiconductor strip separated from a metallic 
surface by a low-dielectric gap. It responds when a 
metal slit at the input end is illuminated. 
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Patricia Daukantas (patd@nasw.org) and 
Yvonne Carts-Powell (yvonne@nasw.org) are 
freelance science writers who specialize in 
optics and photonics.

Ye and their colleagues built a tiny 
waveguide device: a layer of the semi-
conductor zinc sulfi de evaporated onto 
a silver fi lm, separated by a 10-nm-thick 
layer of low-dielectric magnesium fl uo-
ride. Th e light originated from the back 
side of the device’s quartz substrate. In 
separate experiments, the team used 
laser light with wavelengths of 633, 808 
and 1,427 nm.

Unlike surface plasmon polariton 
experiments, the semiconductor wave-
guide and the metal carrier are not quite 
touching. Th e introduction of the low-
dielectric layer into the tiny gap between 
the conductor and insulator strongly 
confi nes the plasmonic energy within 
the gap, Sorger said. It acts almost like 
an optical capacitor.

Imaging with near-fi eld scanning 
optical microscopy revealed that the 
modes were confi ned to regions of 50 to 
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60 square nm. According to Sorger, the 
optical fi eld of the hybrid modes is com-
parable to the gate length of a transistor 
on a modern integrated circuit.

Sorger, who just completed his Ph.D. 
in mechanical engineering at the Univer-
sity of California at Berkeley under OSA 
Fellow Xiang Zhang, is now studying 
the same kind of platform with diff erent 

materials: silicon instead of zinc sulfi de, 
silica instead of magnesium fl uoride and 
aluminum instead of silver. Th ese materi-
als are compatible with current semicon-
ductor/CMOS and silicon-on-insulator 
fabrication techniques.

—Patricia Daukantas

Roy Kaltschmidt, Lawrence Berkeley National Laboratory Public Affairs

(Left to right) Lawrence Berkeley National Laboratory’s 
Xiang Zhang, Ziliang Ye and Volker Sorger have dem-

onstrated the fi rst true nanoscale waveguides for next 
generation on-chip optical communication systems.


