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folding angle and width of the slit, for
example, different kinds of honeycombs
can be designed.

Using complex numerical analysis
and finite element methods, the group
was able to extract mechanical informa-
tion such as the Poisson’s ratio of the
cellular material. It was found that if the
stiffness of the connection between two
cells—modeled as a hinge connector
and hence called “hinge stiffness”—is
much greater than that of the sheet, the
cell walls bend in response to stress. If
the material of the sheet is stiffer than
the connection, the honeycomb material
bends at the folds.

Interestingly, the researchers found
that the kirigami honeycomb material
shows a “Poisson’s switch.” This refers
to the observation that on either side of
a critical folding angle, the Poisson’s ra-
tio of the material switches and shows
the opposite sign. The researchers

Electric fields help oxygen slip
through the cracks for ultralow
power electronics

he recent increase in connectivity of

the modern world has left us depen-
dent on the battery life of our personal
electronics, forcing us to keep a watchful
eye on the icon in the corner of our screen
as it ticks toward 0%. Enormous amounts
of time and effort have been dedicated
to discovering new battery materials and
improving existing ones that pack larger
energy-storage capacities into smaller spac-
es. However, making our electronics more
energy efficient may be complementary
extending the lifetime of our electronics.

As reported in Nature Communications
(doi:10.1038/ncomms12264), a research
team led by Dustin Gilbert and Alexander
Grutter from the National Institute of
Standards and Technology (NIST), have
implemented a recently demonstrated
“magneto-ionic” approach in a push to-
ward ultralow power electronics. Their ap-
proach utilizes electric fields to alter the
chemical and magnetic makeup of mate-
rials, and opens pathways to nonvolatile

reported in a recent issue of
Scientific Reports (doi:10.1038/
srep31067) that by using smart
materials, the fold angle could
be manipulated to expand
or contract the honeycomb.
“Experimental verification of
the predicted switch between
negative and positive Poisson’s
ratio over relatively small
changes in fold angle argues
well for practical use of this ap-
proach in ingenious aerospace
applications,” says Anselm
Griffin, a professor at Georgia
Institute of Technology. Others
in the field have commented
positively on this work. Daniel Inman
from the University of Michigan says,
“Morphing has game-changing possi-
bilities from automotive to aircraft and
even civil structures. The work is sig-
nificant as it brings new possibilities to

A kirigami honeycomb material in different stages of evolution.
Credit: Robin M. Neville, Fabrizio Scarpa, and Alberto Pirrera.

the mechanism side of shape-changing
structures allowing many new designs to
be considered. As advanced manufactur-
ing moves from polymers to metals, the
impact of this work is even greater.”
Vineet Venugopal

lllustration of oxygen migration mechanism: (a) as-grown film, (b,c) positive electrical bias, and
(d,e) negative electrical bias. AlOx (red), GdOx (green), metallic ferromagnetic Co (light blue),
insulating non-FM Co (dark blue), and interstitial oxygen (orange). Credit: Nature Communications.

memory and logic devices that potentially
require much less power to operate.
Gilbert says, “In classical electron-
ics you’re relying on the charge of an
electron; as the electron moves through
your material, scattering produces heat.
In this [new approach] there’s essentially
no movement of the electrons; you’re ap-
plying a voltage only and no real current.
The voltage drags oxygen from the oxide
into the neighboring metallic material,
changing its magnetic properties.”

724 W MRS BULLETIN - VOLUME 41 - OCTOBER 2016 - www.mrs.org/bulletin

https://doi.org/10.1557/mrs.2016.221 Published online by Cambridge University Press

The researchers grew thin-film hetero-
structures with special consideration given
to ensuring clean, well-defined interfaces
between the AlO,, GdO,, and Co layers.
Utilizing a powerful technique called po-
larized neutron reflectometry (PNR), the
researchers were able to probe the chemi-
cal and magnetic profile of the sampl e as
a function of depth. PNR measurements
revealed diffusional migration of oxygen
from the AlO, and GdO, oxide layers into
the Co layer when the films were heated


http://crossmark.crossref.org/dialog/?doi=10.1557/mrs.2016.221&domain=pdf
https://doi.org/10.1557/mrs.2016.221

to 230°C. The migration of oxygen ions
was demonstrated to be significantly pro-
moted by the application of an electric field
through the film thickness. Furthermore,
the researchers found that the process of
cobalt oxidation and oxygen migration was
semi-reversible. By simply reversing the
polarity of the field, oxygen at the GdO,/
Co interface returned to the oxide layers,
but the oxygen buried deeper in the Co
layer remained in place.

The researchers asserted that the films
must be broken up into individual grains act-
ing as ifisolated, rather than as a continuous

film. Oxygen that is loosely bound to the
surface of the oxide grains can be pulled
away much easier and diffuse readily along
the surface of the Co grains. However, dif-
fusion would be somewhat slower into the
core of the Co grains producing a slow tran-
sition from a metallic to insulating state with
an accompanying change in the magnetic
properties. When the field is reversed the
oxygen on the surface of the Co grains can
diffuse back to the oxide layer, but due to
an electric screening effect, the oxygen in
the core of the Co grains remains trapped.
This remaining oxide acts as a secondary
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magnetic phase and an irreversible change
in the overall magnetic properties.

Until now this effect has only been seen
in ultrathin films; this new work points to
its application in bulk materials. Using
this reversible migration of ions as a way
to control physical properties in materials
holds enormous potential for improving
the energy efficiency of countless types
of devices. Gilbert envisions this process
enabling “control over essentially every
physical property of our material ... this
work is just the first step.”

Ian McDonald

Novel method developed to inves-
tigate stiffness and mechanical
stress in Li-ion batteries

Researchers typically gauge the
safety and reliability of batteries

by the amount of heat that they evolve
and the number of cycles that they can
sustain before degrading. In addition,
in Li-ion batteries, the ion intercala-
tion charge-discharge process used also
induces mechanical stress and strain in
the electrode materials. The resulting de-
formation and delamination may, over
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Electrochemical stiffness changes during lithi-
ation of a composite graphite electrode. As
lithium ions intercalate into the graphite anode
during a multistage process, they influence
the mechanical properties of the electrode.
The charging process generates unique stage-
dependent stress and strain in the graphite-
lithium intercalation compound. Credit: Hadi
Tavassol, Elizabeth M.C. Jones, Nancy R.
Sottos, and Andrew A. Gewirth.

time, lead to device failure. Due to the
complex, heterogeneous nature of the
lithium-ion exchange and the structures
of the composite electrode materials
used, it has proven challenging to de-
velop effective techniques for assessing
the kinetic effects of stress and strain,
and correlating them with device charg-
ing and discharging.

Now Hadi Tavassol, Elizabeth M.C.
Jones, Nancy R. Sottos, and Andrew
A. Gewirth of the University of Illinois
at Urbana-Champaign (UIUC) have
developed a novel approach that as-
sesses in situ electrochemical stiffness
of graphite-lithium intercalation com-
pounds during cycling. They combined
in situ electrochemical and mechanical
measurement techniques to measure the
intercalation-induced stress and strain of
a graphite anode. The researchers used
galvanostatic cycling and cyclic voltam-
metry, respectively, to assess the effects
of capacity and electrochemical poten-
tial fluctuations on lithiation. The results
are reported in a recent issue of Nature
Materials (doi:10.1038/nmat4708).

Gewirth, in the Department of
Chemistry, says, “For the first time we
were able to correlate stress with strain
during the lithiation event. Our finding
that the two are asynchronous has im-
portant consequences for understanding
and controlling battery behavior during
charge and discharge.” Sottos, of the
Department of Materials Science and
Engineering, adds, “We are beginning
to understand some of the factors that
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hinder faster battery charging. These
experiments provide insight that it’s not
just an electrochemical issue; the cou-
pling to mechanics is also important.”
This unique in situ electrochemi-
cal stiffness measurement has already
provided important information about
the complex mechanical dynamical re-
sponses of electrodes during charging
and discharging. In particular, a lithium-
ion concentration gradient appears to
be one of the biggest sources of stress
on anodes. Kinetically limited lithium
diffusion is less significant during slow
charging but becomes a major stress fac-
tor during rapid cycling, and scales with
the rate of charging. Ion insertion into
the structure and the repulsion of nearby
layers also act as additional sources of
stress. In contrast, mechanical strain and
material expansion strongly depend on
ion intercalation and directly increase
with slower charge rates. Unlike stress,
electrochemically driven strain depends
predominantly on the total capacity
(i.e., stored charge) of the electrodes.
This research provides insight into
the electromechanical coupling behavior
of electrodes under their expected oper-
ating conditions. While certain energy-
storage systems demand high charge and
discharge rates, other uses prefer higher
specific energy densities. Such a com-
prehensive in situ technique is vital for
efforts to evaluate novel battery electrode
materials and select compositions that are
well tailored for specific applications.
Boris Dyatkin
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