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Editorial on the Research Topic

In-situ and In-operando Techniques for Material Characterizations During Battery Operation

Batteries are prevalent in society and there is a need to develop better batteries to meet future
demands. To build better batteries it is crucial to understand how components within real devices
function and interact during use. This provides significantly more insight into function compared
to isolated and idealized laboratory conditions. Electrochemical cells, whether half cells or full cells
can be developed at various scales, depending on the desired application or research question.
Electrochemical methods provide insight on the reactions and the potentials at which they happen,
energy storage density, retention over cycling, rate capability to name a few parameters. They can
be used to derive the impedance of the cell and back calculated to investigate interfacial and charge
resistance phenomena. These methods are critical in understanding the electrochemistry of the
batteries and are being widely used in research and development, however they only provide a
narrow view of the materials response and function in the device. If the electrochemistry can be
coupled with another analytical technique, such as spectroscopy, imaging, or diffraction while the
device is operating, the insight gained intomaterials function is enhanced. The additional analytical
techniques can be used to understand the electrochemistry with a totally different perspective, for
example an atomic scale perspective on electrochemistry.

It is this ability to gain unparalleled insight into materials function within devices that
have led researchers to push the boundaries of in situ and operando methods. These methods
couple the electrochemical measurements or stimuli with another analytical technique(s).

They often gain both electrochemical and structural or spectroscopic data which can be
directly correlated. Thus providing two or more views on the function of the material and
increasing the parameter space that can be measured in one experiment and correlated. These
experiments by definition need to be conducted in an electrochemical cell environment (to
run electrochemistry) while another measurement is occurring, with say X-rays or laser light
impinging on the electrode of interest to through the entire device. Ideally full cells or
commercially equivalent batteries should be used, however these in most cases are perfected
for electrochemistry but not very well suited for other analytical methods. Therefore, specially
designed electrochemical cells are often used, where the cell is optimized to achieve the best
from both worlds, electrochemistry and the other analytical technique. This typically requires
compromises, reducing the electrochemical performance to obtain better signal from the analytical
method or vice versa. However, researchers are constantly trying to minimize the changes and
maximize both the electrochemical performance and signal observed in the analytical method,

https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org/journals/energy-research#editorial-board
https://www.frontiersin.org/journals/energy-research#editorial-board
https://www.frontiersin.org/journals/energy-research#editorial-board
https://www.frontiersin.org/journals/energy-research#editorial-board
https://doi.org/10.3389/fenrg.2019.00010
http://crossmark.crossref.org/dialog/?doi=10.3389/fenrg.2019.00010&domain=pdf&date_stamp=2019-02-15
https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org
https://www.frontiersin.org/journals/energy-research#articles
https://creativecommons.org/licenses/by/4.0/
mailto:veronica.palomares@ehu.eus
https://doi.org/10.3389/fenrg.2019.00010
https://www.frontiersin.org/articles/10.3389/fenrg.2019.00010/full
http://loop.frontiersin.org/people/461677/overview
http://loop.frontiersin.org/people/462666/overview
https://www.frontiersin.org/research-topics/6592/in-situ-and-in-operando-techniques-for-material-characterizations-during-battery-operation


Palomares and Sharma In-operando Characterization During Battery Operation

thereby obtaining the best of both worlds. It is interesting to
note, how routine such in situ and operando measurements are
becoming for techniques like in situ X-ray diffraction, Raman
spectroscopy, or FTIR as examples. With such works catalyzing
significant development in relatively newer methods such as in
situ electron microscopy.

The field is truly very exciting, new developments, new
methods, combining of techniques, and gaining amazing insight
into materials function in devices.

This selection of articles explores a variety of in situ
characterization techniques, such as operando X-ray or neutron
powder diffraction, Raman spectroscopy, neutron depth
profiling, or in situ transmission X-ray microscopy. These
techniques are analyzed from different approaches, either as
original research work, review, or perspective article and cover
very different battery systems, from more classical Li-ion half
and full cell batteries, all solid state thin film batteries, or high
temperature thermal batteries to newer systems such as air
cathode batteries.

We hope that you enjoy these articles and appreciate the great
work these researchers and other researchers engaged in in situ
and operandomethods are doing both frommethod development
to a materials function point of view. We also thank the authors
and reviewers for their contributions to this work.
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