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in ease of handling,” he said. “We use an
ink jet printing technique to isolate single
molecules in a liquid droplet. The droplet
evaporates before the molecule interacts
with a substrate or anything else. In this
droplet evaporation process, [the
molecules] form very highly ordered
nanostructures. They orient with their
long axes perpendicular to the support
substrate. So we see a very high degree of
uniformity. It’s like a bunch of pencils
standing up on their erasers.”

The particles come in distinct “fla-
vors,” as well, Barnes said. “It’s not a con-
tinuous distribution of all different kinds
of colors. They come in specific wave-
lengths.”

The results of Barnes’ work in this
area were described in a recent article in
Applied Physics Letters.

“It's a very good step in the right
direction,” said Paul Kwiat, a physics 
professor at the University of Illinois at
Urbana-Champaign. “It still needs to be
improved in terms of its out-coupling
and its photon generation efficiency, and
if the bandwidth were a little narrower,
that would be better. The overall lifetime
is much longer than it used to be in these
molecular systems, but it needs to be
longer still so that it is something you
could buy and put in a computer.
Overall, I think it is extremely interesting
work. It’s very promising.”

R esearchers at Oak Ridge National
Laboratory have developed a tech-

nique based on the use of oriented semi-
conducting polymers with fluorescence
properties that may one day find applica-
tion in the field of quantum cryptography.

“We’re working on the materials prob-
lem of developing single photon sources
for quantum cryptography,” said Mike
Barnes of the laboratory’s chemical sci-
ences division. “Our general idea was to
use some techniques we had used over
the past several years in isolating single
molecules, take stuff we could buy com-
mercially, process them in an interesting
way and modify their photo-physical
properties. That’s what we do with these
semiconducting polymers.”

The result is a technique that is rela-
tively easy to implement, Barnes said.
Another technique with similar applica-
tions involves use of defect centers in 
diamond films. In this case, however, sci-
entists must have access to an accelerator

to create the defects. A third alternative
revolves around quantum dots. “And a 
lot of people are working with inorganic
quantum dots, but you have to have
access to [the dots], and they’re not
always easy to get,” Barnes said.

The polymer system is different not
only in terms of its “photo-physical prop-
erties and its spectral properties, but also
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Like Fluorescent Light, Only Better?

Oak Ridge National
Laboratory’s Mike Barnes.

Awireless nanodevice devel-
oped by national laboratory

researchers holds promise as a
highly efficient light source. The
process, recently reported in
Nature, causes nanocrystals to
emit light when placed on top of
a nearby energy source. This
source is a quantum well that
emits energy at wavelengths
most easily absorbed by the
nanocrystals. The team includes
scientists from Los Alamos and
Sandia National Laboratories,
who say this process is similar to,
but more efficient than, the one
used in fluorescent bulbs.
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ation pulses of the linear accelerator. The
output of a medical linear accelerator is a
train of relatively short pulses that occur
at repetition rates of 50 Hz to 300 Hz.
Cerenkov radiation is present during the
pulses but not between them. To com-
pletely eliminate stem effect errors, the
NRL optical fiber dosimeter uses a gated
detection technique to collect only the
long-lived light that is emitted by the
Cu1+-doped quartz between the radiation
pulses.

“Nobody has come up with a system
that’s practical enough to be used,” Justus
said. “[Ours] is being used.”

NCI researchers have tested the
dosimeter, and the initial results were
published recently in Applied Optics. As
compared with other competing devices,
this technology “has the best features of
all these detectors with none of the draw-
backs,” said Robert Miller of NCI’s radia-
tion oncology branch.

The team is fine-tuning the technol-
ogy, which it hopes to commercialize in
the near future.

Readers interested in learning 
more should contact Huston at
Alan.Huston@nrl.navy.mil.

Measuring Radiation
In Real Time

The process of delivering radiation
therapy has advanced significantly in

recent years. Now, a team that includes
researchers from the Naval Research
Laboratory (NRL) and the National
Cancer Institute (NCI) has made its mark
on the field through the development of
an optical fiber dosimeter.

The team, which includes NRL’s Brian
Justus and Alan Huston, has developed
technology that can remotely measure
radiation dosages and report the data in
real time. The team plans to use the tech-
nology to measure the radiation dose
received by a patient, help physicians
administer the appropriate amount,
and reduce healthy tissues’ exposure 
to radiation.

In the mid 1990s, when the two
started their research, they envisioned an
environmental application for the tech-
nology. “We thought you could bury
fibers underground and let them sit there
and accumulate low levels of radiation,
then read it out and determine how
much leakage you had,” Huston said.

The technology’s value for medicine
seemed clear as well. “When we first
started, we felt that the small size and the
flexibility of the fiber dosimeter would be
ideal for inserting the device into patients
using catheters to locate the sensor
directly at the site of a tumor,” Huston
said. “As it turns out, this sort of invasive
procedure is not practical considering the
short time allotted for typical procedures
at commercial treatment centers.” The
team’s two-dimensional dosimeter array,
when used in conjunction with clinical
imaging techniques, will provide precise
targeting capabilities without the need
for any invasive procedures, Huston said.

The dosimeter was designed to solve
long-standing problems that had frus-
trated the developers of plastic scintilla-
tor optical fiber dosimeters, Justus said.
Specifically, the plastic dosimeters suffer
from low signal levels caused by the large
optical losses that result when the plastic
scintillator fiber is glued to a commercial
fiber. They also suffer from errors caused
by the generation of Cerenkov radiation
in all portions of the fiber that are

exposed to the high energy radiation
from the medical linear accelerator,
Justus said.

The NRL team used a radiation sensi-
tive material, Cu1+-doped quartz, in part
because it can be attached by means of
plasma fusion to multimode fused silica
fibers. This results in a high-quality splice
with very little optical loss. It also has a
long-lived luminescence that persists for
up to a millisecond after the material has
been exposed to radiation. The long life-
time of the luminescence signal allowed
the researchers to develop a gated detec-
tion method that samples the intensity of
the signal, as measured between the radi-

T he Large Magellanic Cloud (LMC) galaxy has a number of star-forming
regions, including an area known as N11B. The Hubble Space Telescope

shot this image of N11B with its wide field planetary camera 2, using filters
that isolate light emitted by oxygen and hydrogen gas. “The image illustrates
a perfect case of so-called sequential star formation in a nearby galaxy—new
star birth triggered by old massive stars,” according to the Hubble Information
Center. “The sequence begins with a cluster of stars outside the top of the
Hubble image which led to the birth of the collection of blue- and white-
colored stars near the left of this new Hubble image. These stars are among
the most massive stars known anywhere in the universe.”
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