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To meet future needs for industries from personal devices to automobiles, energy storage devices such as
lithium ion batteries, sodium ion batteries and metal-air batteries require both improved durability and
lowered costs. To enhance the performance and lifetime of battery materials, understanding the material
dynamics and kinetics associated with the energy storage processes is of critical importance to further gain
atomic level control. As the imaging and analytical capability of modern (scanning) transmission electron
microscopy ((S)TEM) has been continuously improving, a substantial amount of research on battery
materials has been reported in the past decade, indicating the critical role of STEM in the fundamental
understanding of energy storage materials. The development of in situ diagnostic methods has further
advanced the application of TEM in this area [1].

Our group have recently advanced battery material sciences via a combination of various in situ/ex situ
electron microscopic methods, which cover lithium ion battery, sodium ion battery and high-energy
lithium oxygen battery. Nanoscale-to-atomic level details are revealed in terms of the energy storage
property of various materials, and in situ TEM further discloses the structural, compositional and phase
evolution of battery materials under their specific working conditions. We will herein summarize our
group’s recent electron microscopic studies in advanced battery materials. Example include: (1) in situ
TEM study of the structural degradation mechanism of alloying-based anode material (shown in Figure
1) [2], and novel Sn-Cu alloying nanoglue design for endurable structure surviving long cycling (Figure
2) [3]; (2) the catalytic effect on the configuration and morohology of Li-O> discharge product-Li>O> [4],
and the surface engineering of catalytic materials for Li-O, battery catalysis [5]; (3) phase degradation
mechanisms in high-voltage spinel LiMn2O4 cathode [6], and the effect on atomic layer deposition in
suppressing such degradation behavior [7] [8].
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Figure 1. Figure 1. In situ TEM studying the morphology evolution of the alloying-based anode material
(Sb2Se3 nanowire) during repetitive (de)sodiation. Reprinted (adapted) with permission from Nano Letters 19
(2019), p. 3074-3082. Copyright (2019) American Chemical Society.
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Figure 2. Figure 2. Morphology and structure analyses of SnNA. (a) Low-mag STEM-HAADF image of one
SnNA. (b,c) EDS mapping of Cu (green) and Sn (yellow). (d) STEM-ABF image of the CuéSn5 atomic
structure viewed along the zone axis of [-1 5 8]. (€) STEM-ABF image of the Sn atomic structure viewed along
the zone axis of [0 0 1]. In (d, e), the line profiles are given and compared in the insets to highlight the presence
of Cu columns in Cu6Sn5. Atomic models matching each experimental observation are also given in the right
bottom insets with yellow sphere for Sn and green sphere for Cu. Scale bar: (a) 1 um, (d, €) 1 nm. Appropriate
credit to the source: https://creativecommons.org/licenses/by/4.0/
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