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The demand to extend the driving range of electric vehicles has created a need for improved performance 

of Li-ion batteries, with both a higher energy density and a high-power capability being desirable. 

Accomplishing this requires the development and most importantly, the integration of new battery 

nanomaterials with high stability electrolytes.  Here, high spatial resolution Operando experimental 

techniques can provide the key insights necessary to investigate the dynamic structural changes and 

processes that occur locally at the electrode/electrolyte interface during battery operation.   The sheer 

complexity of the competing electrochemical processes that occur at the electrode/electrolyte interface 

during the battery cycling requires careful calibration of the system prior to operando observations to 

circumvent the effects of the electron beam.  These effects include the formation of a wide range of 

radiolytic species, a pH change as well as various degradation mechanisms in organic, Li-based 

electrolytes which have yet to be fully understood. Here, we focus on understanding the stability of 

electrolyte [1] as a function of cycling performance, possible side reactions, stability of Li -anode and 

controlled formation of a solid-electrolyte interphase (SEI) layer. The process of the SEI layer formation 

continuously consumes the electrolyte components creating highly resistive layer, which leads to the rapid 

decrease of cycling performance and degradation of the Li anode. The growth of Li metal dendrites 

contributes to rapid capacity fading, which leads to an increased overpotential and, in the case of 

continuous growth an internal short circuiting of the battery creating extreme safety issues [2]. To obtain 

“dendrite free” cycling we investigate the role of additives [3] and well as possible cell contamination 

from unwanted side reactions both on cathode and anode.     In order to minimise the electrolyte beam 

damage and achieve a faster imaging speed, we employ a sub-sampling and inpainting approach and link 

this result to our previous work under typical EM operating conditions for LiPF6 in PC electrolyte under 

0.3 e/A
2
 s dose rate [2].  We use Ag nanoparticles (NP) as a calibration standard (Figure 1) [4] to 

understand the deviations in nucleation and growth under sparse sampling conditions compared to the 

conventional line scan in the scanning transmission electron microscope (STEM).  In particular, we use 

this analysis to define an optimum probe separation that generates the maximum level of useful image 

information for the minimum amount of dose, dose rate and dose overlap for each experiment. In this 

presentation we will discuss the practical aspects of implementing sparse sampling and inpainting to 

perform precise dose-controlled experiments for a wide range of energy storage materials and processes 

[5]. 
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Figure 1. A set of subsampled images taken from different cumulative doses (i.e., time stamps) in the in-

situ nucleation and growth of Ag nanoparticles. For each of the images, the cumulative dose is controlled 

by the magnification, scan speed, and subsampling of the images. [4] 
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