NANOSCALE THERMOMETRY

See the heat

Science 347, 629-632 (2015)

AAAS

Nanoscale electronic devices dissipate heat in
anon-homogeneous way, and local variations
in temperature can substantially affect the
performance of a device. Various approaches
have been explored in the past to efficiently
map the temperature of devices with high
spatial resolution. However, methods based
on contact thermometry can disturb the
temperature of a device, and non-contact
spectroscopic methods cannot achieve

spatial resolution better than several tens

of nanometres. Matthew Mecklenburg and
colleagues at the University of California,

Los Angeles and Lawrence Berkeley National
Laboratory have now performed temperature
mapping of an operating aluminium electronic
device using a technique they term plasmon
energy expansion thermometry.

The technique is based on a scanning
transmission electron microscope operated
in electron energy-loss spectroscopy mode.
By using the microscope to measure the
energy needed to excite a plasmon (a collective
electron mode) in the aluminium, it is
possible to extract the local density. From this,
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the thermal expansion can be determined

and hence the local temperature. With the
technique, Mecklenburg and colleagues
produce thermal maps of serpentine
aluminium nanowire devices that had
temperature gradients on a nanometre length
scale (see image; the hottest regions are shown
in yellow and the coldest in green; the diameter
of the nanowire is around 100 nm). FP

strand. On addition of the strand on one side
of the reactor, a concentration wave propagates
through the reactor to the other side. The
researchers can control the reaction and
diffusion rates independently, allowing them
to design a more sophisticated version of the
experiment in which two fronts propagating
from each side of the reactor meet in the

middle without perturbing each other. ~ AM

NONLINEAR DYNAMICS

Controlling chemical waves
Phys. Rev. Lett. 114, 068301 (2015)

Zebra stripes and leopard spots are but two
examples of natural patterns that are the result
of nonlinear biochemical processes. To explain
this biological morphogenesis various models
have been proposed, but designing networks
of chemical reactions that can recreate such
patterns in the laboratory remains a challenge.
André Estevez-Torres and colleagues — at

the CNRS in Marcoussis and the University
of Tokyo — have now developed a simple
experimental toolbox that allows them to
create propagating chemical wavefronts that
behave in accordance with the reaction-
diffusion model that is normally used to
describe biological morphogenesis.

The system is composed of a DNA strand
that hybridizes to a twice-as-long template
made of two repeating units. Once the DNA
hybridizes to either one of the units, an enzyme
promotes the replication to the other template
unit, thus forming a 2:1 complex. Finally,
another enzyme disassembles the complex.
The net outcome is the self-replication of the
initial DNA strand.

To test the approach, Estevez-Torres and
colleagues built a linear reactor and filled
it with all the reactants except for the DNA

Graphene |IQLIId marbles Angew. Chem. Int. Ed. http://doi.org/f23gms (2015)

heatable liquid marble reactors.

By encapsulating a liquid droplet in solid particles, miniature reactors can be created that are
capable of carrying out a variety of processes, including the synthesis of nanocomposites and
photochemical polymerizations. However, the applications of these ‘liquid marble’ reactors are
typically restricted to room-temperature reactions due to the difficulties involved in heating
them. Xing Yi Ling and colleagues have now shown that graphene can be used to create

The researchers — who are based at Nanyang Technological University, Fudan University,
the Institute of Materials Research and Engineering, Singapore, and the University of Brunei
Darussalam — created the graphene liquid marbles by rolling a microlitre droplet of water on a
bed of pulverized graphene nanoplatelets. Then, by firing a laser at the marbles, the miniature
reactors could be instantly heated thanks to the favourable photothermal properties of
graphene; by adjusting the power of the laser, the temperature of the encapsulated water could
be varied between 21°C and 74 °C.

Toillustrate the capabilities of the reactors, Ling and colleagues show that the reaction
kinetics of the methylene blue degradation reaction can be modulated and, compared with a
reaction without photothermal heating, a 12-fold enhancement in reaction rate achieved. OV
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DIAGNOSTIC DEVICES

Making smartphones smarter
ACS Nano http://doi.org/2bn (2015)
Sci. Transl. Med. 7, 273re1 (2015)

The camera, data processing and
communication components in smartphones
are increasingly being adapted for health
applications. Friendly user interfaces,
portability and decreasing prices mean that
they can be a useful part of point-of-care
devices for resource-limited places. Two
independent research teams have now
developed attachments for smartphones that
allow expensive laboratory diagnostic tests to
be done in minutes and at affordable cost.

Warren Chan and colleagues at the
University of Toronto combined batteries, laser
diodes, lenses, filters and an assay chip ina
plastic chassis, which could be mounted on the
front a smartphone camera. The assay consists
of wells loaded with different quantum dot
barcodes — polystyrene microbeads infused
with quantum dots and functionalized with
a capture DNA sequence that binds target
analytes. Detection occurs through a typical
sandwich assay using a secondary fluorescently
labelled probe. Using a custom-made
algorithm, the optical emission of the barcodes
and probe captured by the camera can be
interpreted as a positive or negative presence of
an analyte. The device could detect more than
one type of infectious disease biomarker in a
single test in less than an hour.

Samuel Sia and colleagues — at Columbia
University and Rwanda Biomedical Centre —
developed a similar, but more streamlined,
smartphone attachment for diagnosing
syphilis in Rwanda. The attachment contained
gold nanoparticles, silver ions and other
components similar to a laboratory-based
enzyme-linked immunosorbent assay
(ELISA). It was designed to be manually
activated to reduce battery consumption and
to accept blood specimens from a fingerprick.
‘When deployed to health centres in Rwanda,
the device produced diagnostic results in
15 minutes with sensitivities close to 100%
and specificity between 79 to 100%, rivalling

laboratory screening tests for syphilis. ~ ALC
Written by Ai Lin Chun, Alberto Moscatelli,
Fabio Pulizzi and Owain Vaughan.
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