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good processability in solution, but in
films, is strong enough to lock the polymer backbone into place and planarize
the structure in the active layer.”
After synthesizing the polymers
through Stille polycondensation, the researchers found them to be thermally
stable up to 280°C and to have optical absorption spectra with peaks in regions consistent with DFT calculations. One n-type
NDI-containing copolymer with branched
alkyl side chains was envisioned to be particularly suitable as an OPV acceptor material; encouragingly, when it was blended
with the polymer donor PTB7, the system
displayed almost completely quenched
photoluminescence, a signature of good
charge transfer from donor to acceptor
and thus good photovoltaic response.
The researchers tested solar cells based
on this blend and found them to have a
power conversion efficiency of 1.70%, the
highest reported to date with NDI as an
electron acceptor. To better understand the

potential of the polymer series, a thin-film
transistor based on this same blend was
also constructed and was found to have a
high electron (hole) mobility of 5.1 (3.9)
× 10–3 cm2/V/s.
One important remaining issue in allpolymer OPV device performance is the
optimal morphology of the organic thin
film. This can be difficult to control with
polymer–polymer blends, which tend to
phase separate. As Rafael Verduzco of
Rice University notes, the ideal microstructure is still unclear: “You probably
want well-defined domains of about 10
nanometers, but recent polymers like
PTB7 are challenging this thinking.”
Verduzco’s group is investigating an
approach in which donor and acceptor
monomers are block copolymerized, and
self-assemble into block lamellar microdomains approximately 9 nm in size.
Using this technique, they have demonstrated an all-polymer OPV device with
an efficiency of 3.1%.

Organic electronics are increasingly
entering commercial use, and the results of this research are obviously of
great interest to Polyera, an Illinoisbased company whose markets include
wearable electronics, flexible mobile
displays, and disposable electronics for
supply-chain tracking (one co-author,
Antonio Facchetti, is a co-founder and
Chief Scientific Officer; Tobin Marks is
the other co-founder). Massachusettsbased Konarka was commercializing
fullerene-based OPV cells until its bankruptcy in 2012, a fact that has certainly
been noted by other aspiring organic
electronics companies.
While organic electronics are still not
competitive with silicon-based systems
for most commercial applications, it is
clear that they offer some unique properties and are making good progress in closing the gap. It may not be long until OPV
throws the solar market a curve—literally.
Colin McCormick

of spherical nickel particles (500 nm, 20
nm, or 3 nm in diameter). According to
Bin Chen, lead author and director of
the Shanghai Laboratory of HPSTAR
(Center for High Pressure and Technology
Advanced Research), “We chose platinum
and nickel, because both have fcc structures, and both are relatively easy for
performing texture analysis. We also had
several sizes of nickel to work with.”
Much to the surprise of the research
team, the texture strength of platinum
dropped significantly as the particle size
of the nickel media was reduced, even
though the same-sized platinum particles
were used throughout the experiments.
Texture was obvious when 500-nm nickel
was used, but a considerable loss in texture was observed with the 20-nm nickel.
With 3-nm nickel, almost all of the texture disappears. One possible theory was
a lack of sufficient shear stress, but this
was ruled out both mathematically and by
the observation of curved diffraction lines
because the curvatures of the unrolled twodimensional diffraction lines demonstrate
the existence of differential/shear stress.

Once the first theory was excluded,
said the researchers, it became obvious that an enhanced grain rotation of
the large platinum particles within the
finer nickel medium caused the reduction in texture. The dislocation of particles under high pressure is an attempt
to minimize system energy and to establish equilibria between neighboring
grains. A mixture of coarser grains thus
requires high energy and torque to rotate the particles, and rotation occurs at
a slow rate. However, for a system with
fine particles, dislocation has little to do
with equilibrating the system. Instead,
grain rotation is the system’s attempt to
minimize the increase in compressioninduced energy, which results in a high
rotation rate of the fine particles and a
loss in texture of the coarse particles.
Chen said, “The degree of grain rotation in other metals may be different,
but the observed size-dependence of
grain rotation should be similar. Since
this report was qualitative, our future
plans are to directly measure the degree
of rotation of the nanocrystals.”
Anthony S. Stender

Nano Focus
Grain size determines nanoscale
grain rotation

C

ontrolling the texture of materials is
a crucial element in improving the
strength and in extending the lifetime of
materials. Plastic deformation of coarsegrained (>100 nm in grain size) metals has
been well-described as a process in which
the application of shear stress causes crystallites to rotate within the lattice structure
until they achieve a preferred texture. It
has proven challenging to determine if the
same process occurs in nanomaterials due
to the challenges associated with observing
the rotation of ultrafine crystals.
As reported in the March 4 issue of
PNAS (DOI:0.1073/pnas.1324184111), an
international team of scientists from six
different institutions have now succeeded
in observing nanoscale plastic deformation
by collecting x-ray diffraction (XRD) on
polycrystalline metal samples under high
pressure in a radial diamond-anvil cell
(rDAC). For the series of experiments,
the samples consisted of spherical platinum particles (~1 μm) within a medium

MRS BULLETIN
https://doi.org/10.1557/mrs.2014.120 Published online by Cambridge University Press

•

VOLUME 39 • JUNE 2014

•

www.mrs.org/bulletin

479

