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Energy storage is a critical component in future
vehicle electrification and grid storage. Electric
vehicles (EVs) urgently demand revolutionary inno-
vation in energy storage systems with improved
performance (high energy and power density),
safety, and life. Lithium-ion (Li-ion) batteries are
the front runner in the race for vehicle electrifica-
tion. For example, sulfur (S) and oxygen (O2) are
promising active materials, which can dramatically
increase the theoretical specific capacity in Li–S and
Li-O2 based energy storage systems.

Energy storage systems consist of multiphase
functional materials and experience, during cycling
(charge/discharge), a multitude of coupled physio-
chemical processes involving mass and charge trans-
port in electrode and electrolyte phases, phase
transition with volume change, electrochemical reac-
tion at the electrode–electrolyte interface, side reac-
tions leading to chemical degradation, and diffusion-
induced mechanical stress generation in the porous
electrode microstructures. These inherently coupled,
physicochemical interactions happen at different
length and time scales, which ultimately determine
the cell performance, life, and safety. To this end,
energy storage research necessitates spanning a
wide array of computation approaches and charac-
terization techniques reflecting the fundamental
need to probe at different scales. In this special topic,
interactions at the mesoscale are highlighted, includ-
ing mechano-electrochemical coupling, microstruc-
ture–property–performance interplay, mesoscale
modeling, and characterization.

Horrocks et al. reviewed x-ray spectroscopy and
imaging techniques to probe electronic and atomis-
tic structures in cathode material exhibiting phase
transition during lithium intercalation. Ausderau
et al. employed x-ray nanotomography (XNT) and
x-ray absorption near-edge structure (XANES)

imaging to study elemental and chemical mapping
of high-capacity, Cu6Sn5-based intermetallic alloy-
ing anode for Li-ion batteries.

Jianlin Li and co-workers reviewed different
strategies for low-cost manufacturing of high-per-
formance Li-ion batteries. Mullaivananathan et al.
showed that a carbon-coated Co2SnO4-/SnO2 com-
posite anode can achieve much higher specific
capacity as a result of an ability of the carbon to
accommodate the volume change during alloying/
de-alloying. Lin et al. synthesized a Li4Ti5O12/Ti3O5

composite anode using a ball milling method and
showed that higher specific capacity than the con-
ventional Li4Ti5O12 anode can be achieved, which
can be beneficial in reducing the capacity loss.
Kalaga et al. investigated the effect of the temper-
ature on V2O5 phase transition induced by Li
intercalation. Intawin et al. presented a biosynthe-
sis strategy for deriving hierarchical three-dimen-
sional (3D) carbon-based architectures for
supercapacitor application. It is interesting that
the macroporous carbon derived from sunflower
seed shows high specific capacitance with good
cycling stability.

Hardin et al. developed a finite element model to
investigate the interfacial fracture of nanowire
electrodes for Li-ion batteries. It is found that the
plastic deformation in the nanowire can reduce the
crack-driving force and avert interfacial fracture
between nanowire electrode and current collector.
Stein et al. presented a reaction–diffusion model for
investigating Li intercalation in SiOC nanocompos-
ite electrodes that exhibit phase transition.

In the cathode side, solid sulfur as the active
material is expected to replace conventional transi-
tion metal oxides because sulfur can deliver a very
high theoretical specific capacity as high as 1675
mAh/g and sulfur is cheap and abundant. Never-
theless, several critical challenges, including the
shuttle effect and surface passivation, continue to
remain as impediments in Li–S batteries. Liu et al.
developed a mesoscale interfacial modeling
approach to evaluate Ti2Si nanosheets as a
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potential cathode host material for Li–S batteries.
They showed that Ti2Si nanosheets can act as a
catalyst to facilitate the dissociation and reduction
of soluble long-chain polysulfides, which is benefi-
cial for mitigating the harmful shuttle effect. Yet, on
the other hand, the Ti2Si nanosheets provide strong
affinity to Li2S, which leads to a fast surface
passivation and sudden death. This work highlights
an important open question: Is the Li–S cell perfor-
mance dominated by shuttle effect or surface
passivation?
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