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and AlB2-type superlattices after adding
oleic acid…and into NaZn13- or cubocta-
hedral AB13-type BNSLs after the addition
of dodecylamine or TOPO [tri-n-octyl-
phosphine oxide], respectively.” 

The researchers said that entropic (i.e.,
space-filling or packing-density factors), as
well as van der Waals, steric, and dipolar
forces also stabilized the BNSL structures.

Integrated Optical Ring Resonator
Demonstrated as a High-
Sensitivity Biosensor

Over the last decade, optical biosensors
have become increasingly indispensable

tools in the life sciences, particularly in the
area of drug research. These sensors need
to be simple, reliable, and able to detect
and identify extremely low concentrations
of biological molecules. In an article in the
December 15 issue of Optics Letters
(p. 3344), Alex Ksendzov and Ying Lin of
the Jet Propulsion Laboratory (JPL) in
Pasadena, Calif., report the demonstration
of a new optical biosensor based on a ring
resonator that is able to detect concentra-
tions of a test protein as low as 0.1 nM.

State-of-the-art optical biosensors are
based on “whispering gallery” modes,
which guide light along the surface of a

spherical microstructure. The term is
derived from the Whispering Gallery of
St. Paul’s Cathedral in London, where the
curvature of the dome allows a whisperer
near one wall to be heard by a listener
near the opposite wall. Proteins binding
to the surface of the device alter the index
of refraction experienced by the light, and
thus change the resonant frequency of
the optical mode. However, these modes
are numerous and closely spaced in fre-
quency, which complicates the data col-
lection and analysis for small signals.

Instead, the research team’s biosensor is
based on a 1.8-μm-thick SixNy/SiO2 wave-
guide bent into a “racetrack” ring reso-
nator with a 13-mm circumference. This
device has simple optical modes that are
easily identified by transmission reso-
nances. To demonstrate the resonator’s
sensitivity, the researchers coated its sur-
face with biotin, which has a specific and
extremely high affinity for the glycoprotein
avidin, and then flowed 3 nM, 0.6 nM, and
0.3 nM concentrations of avidin past the
device. By varying the temperature and
thus the length of the resonator, the team
could locate the transmission resonance
frequency. As avidin from the flow accu-
mulated on the resonator surface, the reso-
nance frequency shifted in time, with a rate
that was proportional to the protein con-
centration. Given background drifts, the
team estimated that this shift would be
measurable for avidin concentrations as
low as 0.1 nM (6.8 ng/ml). This is many
orders of magnitude more sensitive than
most optical biosensors and may be further
enhanced as the team implements plans to
improve the quality of the biotin coating
and the temperature control and monitor-
ing. Integrated ring resonators carrying a
variety of protein-binding coatings may
ultimately become the basis for large
biosensor arrays for use in pharmaceutical
biomolecule identification.
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Cellular Uptake of Functionalized
Carbon Nanotubes Shown to be
Energy-Dependent 

Recent research has shown that single-
walled carbon nanotube (SWNTs) can
transport peptides, proteins, and nucleic
acids into living cells. The biocompatibility
and nontoxicity of SWNTs, together with
their near-IR absorptivity, make them a
promising new class of biotransporters for
drug and radiation therapies. Recent stud-
ies conflict on the mechanism that regu-
lates the cellular internalization of SWNTs.
One suggests an energy-independent
mechanism involving insertion and diffu-
sion of the SWNTs through the cell mem-
brane, while another suggests endocytosis,

Electronic Carriers Cross Si-Bound Alkyl Monolayers in Two Ways
In order to uncover whether organic molecules can be used to pass electrical cur-

rent, researchers first need to understand how electrons pass through molecules. “To
answer this question,” said David Cahen of the Department of Materials and
Interfaces at the Weizmann Institute of Science in Israel, “we need to design, build,
and use a system that is sufficiently well controlled so that we can be sure that we are
measuring what we think we are measuring.” Cahen, collaborating with an interna-
tional group of researchers, has built such a system and has shown that electrons pass
through the system by two different mechanisms, switching from one to the other
depending on how much voltage is applied and on the length of the molecules.

As reported in the December 31, 2005, issue of Physical Review Letters (DOI:
10.1103/PhysRevLett.95.266807; #266807) the researchers—Cahen, T. Boecking of
the University of New South Wales in Australia, C.K. Chan of Princeton Univer-
sity, and colleagues—studied a system of Si-C linked alkyl monolayers sand-
wiched between a metal (Hg) and semiconductor (n-Si). They discovered that at low
forward-bias voltages, the electrons behave quasi-classically, and the temperature-
dependence of the current suggests that current is limited by thermionic emission
over a barrier in the semiconductor. At higher forward-bias voltages, the electrons
behave as waves, and the dependence of the current on the length of the molecules
suggests that current is limited by tunneling through the molecules. The researchers
said that the longer the molecules, the lower the voltage at which the molecules start
to control the current (see Figure 1).

Control samples of monolayers on silicon were characterized using both photo-
emission and other spectroscopies as well as advancing water contact angle (CA).
Only samples with CA >110º on Si were used for electrical measurements. With
these results and current–voltage measurements, the electron transport processes
could be described quantitatively, said the researchers. 

The researchers said,
“Our results agree with
theoretical predictions
for semiconductor/
insulator/conductor
solar cells that had not
been seen till now,
because no suitable
insulator was found.”

Cahen added, “Agree-
ment between experi-
ment and theory breaks
down, though, for the
temperature-depen-
dence of the current–
voltage characteristics,
where the signature of
the presence of mole-
cules (rather than of,
say, an oxide) is seen.”Figure 1. Experimental n-Si-(CH2)n–1CH3/Hg J–V curves. 
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