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NMR reveals unexpected defects
in lithium-ion battery electrodes

f our batteries do not behave the way

we expect, we have a problem. Such
unpredictability can arise from many
sources, including difficult-to-detect
nanoscale defects in the materials of
the batteries. In the August 11 issue of
Chemistry of Materials (DOI: 10.1021/
acs.chemmater.5b01234; p. 5212),
Michaél Deschamps of the University
of Orléans and the National Centre for
Scientific Research, along with a team
of researchers from France, detail their
work to locate and characterize these de-
fect structures in the electrodes of lithium-
ion batteries.

The researchers’ lithium-ion battery
uses a LiVPO,F electrode in which the
material is intercalative, meaning that a
mobile atomic species moves into the
spaces between the LiVPO,F layers. In
general, atoms in intercalation materials
can have any of several oxidation or spin
states. The standard method of measur-
ing these states leaves their local nature
unresolved—thus, sufficiently small
atomic features go undetected.

Deschamps and co-workers used
nuclear magnetic resonance (NMR)
to characterize the local atomic struc-
tures at the nanoscale in this material.
Unexpectedly, they found paramagnetic
lithium environments associated with
crystallographic Li sites, and calculated
that these environments accounted for as
much as 20% of the Li content in the elec-
trode. Furthermore, they applied a radio
frequency (RF) dipole—dipole-recoupling
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(a) Scanning transmission electron microscope image of phase-pure LiVPO,F along the
[010] crystal orientation. A LiVPO,F unit cell is superimposed over the image, where
vanadium, lithium, and phosphorus atoms are represented by blue, orange, and yellow
spheres, respectively. (b) Solid lines represent correlated two-dimensional signals between
crystallographic LiVPO,F and the other paramagnetic 7Li environments, establishing their
respective “Li dipole—dipole interactions and hence subnanometer-scale proximities.

Credit: Chemistry of Materials.

technique on a time scale roughly equal to
the very short lifetimes of the atomic spin
states, and registered enough of a sig-
nal for meaningful analysis. Combined
with NMR spectra, the recoupling data
allowed the researchers to determine
unambiguously that these environments
were associated with systemic structural
defects in the crystal lattice, rather than
representing a simple impurity phase.
“These defects were completely unde-
tected by other techniques, and we were
really happy that NMR could show that
there was more than meets the eye—or,
in this case, the transmission electron
microscope,” Deschamps says.

In addition to the discovery of un-
expected defects in a well-crystallized
LiVPO,F electrode, Deschamps and his
colleagues demonstrated a new way to
characterize certain kinds of paramagnet-
ic materials: “One could imagine NMR
spectroscopy being used to monitor the
quality of materials, ensuring the batteries
made with them will function as expect-
ed,” Deschamps says. By characterizing
the lithium-defect environments down to
the atomic scale with remarkable preci-
sion, this work now provides research-
ers with a new, powerful tool to continue
improving battery technology.

Antonio Cruz

Bio Focus

Synthetic biomaterials advance
stem cell engineering

he complexity and dynamism of

biological tissues present a myriad
of challenges for understanding these
living composites, and for rebuild-
ing them to benefit human health.
Fortunately, this biological complexity
can also serve as a boon to biomedical

engineers by offering multifunctional
cellular workhorses that are already
predisposed to perform unique tasks.
Arguably, the most valuable of such cel-
lular tools are stem cells: systems which
are naturally primed to form and repair
human tissues. However, stem cells
are so ripe with potential, being able
to differentiate (i.e., gradually trans-
form themselves) into many diverse
tissue-specific cell types, that a key
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challenge in tissue engineering is learn-
ing how to direct stem cells to behave
in predictable ways. As highlighted in
a recent review article by P. Chandra
and S.-J. Lee of Wake Forest School
of Medicine in Biomarker Insights
(DOI: 10.4137/BMI1.S20057; p. 105),
innovations in biomaterial design and
synthesis can play a significant role in
enabling improved platforms for stem
cell engineering.
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