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if a less time-consuming method, and 
one possibly better suited as a sample 
screening tool, could meet the FDA’s 
1-ppm threshold. (The highest amount 
of melamine permitted in pet food is 
2.5 ppm.)

Mauer, a postdoctoral fellow and 
three graduate students used three 
instruments to test samples of infant 
formula powder with and without 
melamine (which was deliberately  
added to the formula for the experi-
ments). In the mid-infrared region 
(4,000 to 650 cm–1), the group used 
two sampling techniques: diffuse reflec-
tance and multi-bounce attenuated total 
reflectance. The former requires powders 
to be mixed with a background material 
such as potassium bromide; the latter 

Hydrogenation—the chemical reaction that 
results from the addition of hydrogen—

is widely used in the chemical industries. 
Margarine may be the best-known example. 
(Hydrogenation turns liquid fat into solid.) 
Now, D.C. Elias and others at the University 
of Manchester in England have reported 
hydrogenating graphene, a single-atom-thick 
carbon crystal that was first reported in 2004 
(Science 323, 610). Graphene has a fascinating 
energy structure that lends itself to applications in 
photonics and electronics. 

Andre Geim and Kostya Novoselov’s research group 
added hydrogen to graphene, turning it into a new material 
called graphane. Like graphene, graphane has a hexagonal 
crystal lattice, but it has a shorter period and can act as an 
electrical insulator. If the material can also be changed into a 
semiconductor, entire devices might be made from carbon. 

—Yvonne Carts-Powell

In the past two years, pet foods and 
milk products contaminated with the 

organic chemical melamine have harmed 
children in China and domestic animals 
in multiple countries. Now, a Purdue 
University (West Lafayette, Ind., U.S.A.) 
team has figured out a way to detect 
traces of melamine powder with devices 
that many law enforcement laboratories 
already own.

Lisa J. Mauer, an associate profes-
sor of food science, and her colleagues 
determined that three types of near- 
and mid-infrared spectrometers could 
find melamine in powder at the level 
of 1 part per million (ppm), the upper 
limit set for infant formula by the U.S. 
Food and Drug Administration (FDA). 
The testing required only a few minutes 
to perform in all cases (J. Agric. Food 
Chem. 57, 3974).

The FDA’s standard method of test-
ing food for melamine involves liquid 
chromatography and triple-quadrupole 
tandem mass spectroscopy—a process 
that requires labor-intensive sample 
preparation. Mauer wanted to find out 
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does not. The researchers also obtained 
reflectance spectra in the near-infrared 
range (12,500 to 3,500 cm–1).

The spectrum of melamine has two 
absorption peaks in the mid-infrared 
from the stretching and bending vibra-
tions of its amino groups, and a third 
mid-infrared region of absorption from 
complex vibrations. Melamine has 
broader spectral features in the near-
infrared, but the Purdue team was still 
able to perform a quantitative analysis 
on the data.

The researchers found that they could 
distinguish between spectra of samples 
laced with melamine traces and those 
without. Processing times ranged from 
less than 2 min. for the near-infrared 
spectrometer to 5 min. for the diffuse 
reflectance technique, because of the 
powder blending it required.

All three spectroscopic techniques 
might be able to detect melamine in 
lower concentrations than the FDA 
standard, but researchers could face 
lower signal-to-noise ratios, according 
to Mauer. In addition, each brand of 
powdered formula would require sepa-
rate calibration.

University chemistry departments, 
public health departments, police 
laboratories and even some high schools 
have at least one infrared spectrometer 
already on hand. Some non-U.S. govern-
ments have also expressed interest in the 
infrared-spectroscopy method, which 
could be used as a first-pass screening for 
imported foods.

— Patricia DaukantasUniversity of Manchester
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Researchers have  
developed a novel,  

continuously running  
camera that captures 

images roughly a thousand 
times faster than any exist-

ing conventional camera.

C onventional semiconductor-based 
imagers such as CCDs cannot 

record certain fast dynamical processes 
due to technical limitations. A new 
camera that operates continuously can 
capture events that take place over the 
span of a few hundred nanoseconds.

Keisuke Goda, Kevin Tsia and Bah-
ram Jalali of the University of California 
at Los Angeles (U.S.A.) built an entirely 
new kind of camera based on optical 
image amplification and used it to collect 
more than 6 million images per second 
(Nature 458, 1145).

CCD or complementary metal-oxide-
semiconductor (CMOS) imagers must 
juggle resolution with speed: The faster 
the frame rate, the fewer pixels that can 
be read out. The fastest CCD camera in 
existence, made by Shimadzu Corp., has 
a frame rate of 1 MHz, but that speed 
comes with a large pixel size, reduced 

spatial resolution and a high-power 
illuminator that could damage tiny 
biological samples. The time-resolved 
pump-probe and framing streak camera 

are costly and unable 
to capture fleeting, 
random events.

The UCLA group 
calls the new imag-
ing technique serial 
time-encoded ampli-
fied microscopy, or 
STEAM. In the first 
stage of the STEAM 
process, spatial 
dispersers encode 
the two-dimensional 
image into the spec-
trum of a broadband 
(continuum) laser 
pulse. Next come two stages of ampli-
fication, first by an erbium-doped fiber 
amplifier and then by dispersive optical 
fiber. The latter maps the spectrum into 
the time domain and, with pumping 
from secondary lasers, performs stimu-

lated Raman 
amplification. 
Finally, a single-
pixel photodiode 
captures the 
image and feeds 
it to an oscillo-
scope. Along the 
way, the camera 
boosts the image 
by a total of 25 dB 
or a factor of 316.

The STEAM 
camera amplifies 
images in the 
optical domain, 
not in the elec-
tronic domain, 
like image inten-
sifiers, whose 
image-acquisition 
rate is limited to 
10 kHz. “Optical 

image amplification is vital for high-
speed imaging because the noise power 
present in any measurement increases 
inversely with the integration time,” the 
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authors wrote. “Without this amplifica-
tion, the image would not be visible 
because the signal would lie below the 
thermal noise level of the photodetector.”

In its test run, the STEAM camera 
captured frames at intervals of 163 ns 
with a shutter speed of 440 ps; the group 
claims both figures are records for contin-
uous real-time imaging. To demonstrate 
the technology in action, the research-
ers imaged a laser-ablation experiment, 
in which a mid-infrared pulsed laser 
blasted a layered target of aluminum and 
silicon dioxide. Over a total time span of 
less than 2 µs, the camera captured the 
changes in sample surface reflectivity 
after the pulse hit the target and caused 
a mass ejection.

As a further demonstration of 
STEAM technology, the UCLA team 
took snapshots of a fast microfluidic 
flow of tiny metal spheres and water 
through a 50-µm-wide hollow fiber. 
Other potential applications for high-
temporal-rate imaging include shock 
waves, laser fusion diagnostics and 
microscopic studies of cell signaling 
and drug transport.

— Patricia Daukantas

Ultrafast Imaging Captures 
Fleeting Phenomena
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(left), Bahram Jalali and 
Keisuke Goda in the lab.


