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Improving the fundamental understanding of
batteries via operando measurements

Check for updates

Recent development of analytical
techniques – capable of characteriz-
ing physicochemical properties dur-
ing electrochemical measurements –
enables new pathways for improving
the fundamental understanding of
battery systems. This editorial high-
lights recent research efforts show-
casing operando approaches
published in Nature
Communications.

U
nderstanding the electro-
chemical energy storage beha-
vior of a material is strictly tied
to the framework of operation.
For instance, in cases where gas

adsorption/desorption characterization of an
electrochemical active material is carried out
at the powder level, the same properties (e.g.,
available specific surface area) may not be
retained after the material is processed for
electrode formulation. Similarly, the bulk
ionic conductivity of an electrolyte solution is
not representative of when the same electro-
lyte is confined within a porous electrode
structure1,2. Thus, limitations arise, and what
can be claimed via indirect correlation within
a specific framework may not be meaningful
when the same material is constrained within
a different system.

In the battery research field, indirect
correlations between electrochemical and
physicochemical properties are made
using experimental data obtained via
ex situ characterizations3, i.e., where a
specific component of the battery is mea-
sured prior to cell assembly or after the
electrochemical testing. However, in
ex situ measurements, careful harvesting,
sampling, preparation and transportation
procedures of the specimen are critical to
obtain representative, reproducible and
reliable data4.

To improve the correlation, in situ
characterizations3 are employed by many
researchers in the battery field. These are
physicochemical measurements carried out
together with the electrochemical experiment,
which is paused at a near-equilibrium stage
for a specific time to collect the data from
the physicochemical measurement. However,
these characterizations present limitations
because the pause imposed on the cell during
the electrochemical experiment may not fully
represent the conditions during cycling.

For this reason, operando characterizations3

with no need to pause the system have gained
significant attention in the battery field5,6.
Indeed, operando characterizations could
improve understanding of the local properties
of both electrochemically active and inactive
materials in lab and commercial scale
batteries7.

“Operando characterizations
could improve under-
standing of the local proper-
ties of both electrochemically
active and inactive materials
in lab and commercial scale
batteries.”

However, we note that the application of
operando and in situ terminologies is not
always standardized in the broad batteryfield.
Future discussions on this aspect in the
research community will be needed to unify
the nomenclature used by scientists with dif-
ferent backgrounds.

Here, to showcase the recent developments
in the field of operando characterizations for
electrochemical energy storage systems, we
are delighted to unveil a collection of some of
the most exciting articles published in Nature
Communications in the last five years on this

topic. In these research articles, by real-time
coupling of electrochemical experimentswith
spectroscopy, microscopy, diffraction and
acoustic measurements also using optical
Bragg fibers, scientists have improved the
understanding of the charge storage pro-
cesses and electro-chemo-mechanical stabi-
lity of electrodes and electrolytes (either
liquid or solid) for alkali metal-based and
multivalent battery systems.

References
1. Landesfeind, J., Hattendorff, J., Ehrl, A., Wall, W. A. & Gas-

teiger, H. A. Tortuosity determination of battery electrodes
and separators by impedance spectroscopy. J. Electro-
chem. Soc. 163, A1373–A1387 (2016).

2. Conder, J. et al. Electrochemical impedance spectroscopy
of a Li–Sbattery: part 2. Influenceof separator chemistry on
the lithium electrode/electrolyte interface. Electrochim.
Acta 255, 379–390 (2017).

3. Strauss, F. et al. Operando characterization techniques for
all‐solid‐state lithium‐ion batteries. Adv. Energy Sustain.
Res. 2, 2100004 (2021).

4. Waldmann, T. et al. Review—Post-mortem analysis of aged
lithium-ion batteries: disassembly methodology and
physico-chemical analysis techniques. J. Electrochem.Soc.
163, A2149–A2164 (2016).

5. Popovic, J. The importance of electrode interfaces and
interphases for rechargeable metal batteries. Nat. Com-
mun. 12, 6240 (2021).

6. International Operando Battery Days. Grenoble, France,
16–18 May 2022 https://obattery.sciencesconf.org/ (2022).

7. Finegan, D. P. et al. In-operandohigh-speed tomography of
lithium-ion batteries during thermal runaway. Nat. Com-
mun. 6, 6924 (2015).

Open Access This article is licensed under a Creative
Commons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution and reproduction in any
mediumor format, as long as yougive appropriate credit to the
original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The
images or other third party material in this article are included
in the article’s Creative Commons license, unless indicated
otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons license and your
intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission
directly from the copyright holder. To view a copy of this
license, visit http://creativecommons.org/licenses/by/4.0/.

© Springer Nature Limited 2022

nature communications         (2022) 13:4723 | 1

12
34

56
78

9
0
()
:,;

12
34

56
78

9
0
()
:,;

http://crossmark.crossref.org/dialog/?doi=10.1038/s41467-022-32245-9&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41467-022-32245-9&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41467-022-32245-9&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41467-022-32245-9&domain=pdf
https://obattery.sciencesconf.org/
http://creativecommons.org/licenses/by/4.0/

	Improving the fundamental understanding of batteries via operando measurements
	References




