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Layered lithium nickel manganese oxide Li[Li1/3-2x/3NixMn2/3-x/3]O2 (0≤x≤0.5) has attracted interest as a 
strong candidate for use as a cathode material in Li-ion batteries due to its high discharge capacity of more 
than 200mAh/g when operated between 2.5-4.6V.[1,2] However, this large capacity cathode material 
continues to degrade during rapid charge-discharge cycling, rendering it somewhat impractical for real-life, 
long-term applications. [3] Here, scanning transmission electron microscopy (STEM) combined with 
electron energy loss spectroscopy (EELS) have been used to study the structural and compositional changes 
for Li[Li0.2Ni0.2Mn0.6]O2 as a function of electrochemical cycles. The material was synthesized from mixed 
nickel-manganese carbonate precursors prepared by a co-precipitation method [4]  and lithium carbonate 
was used as the lithium source. The as-prepared sample was mixed with carbon black and a PVDF binder 
for electrochemical testing in 2016 type coin cells. The coin cell was cycled between 2.5 and 5.0 V for10 
cycles. An aberration-corrected FEI-Titan S 80-300 STEM equipped with a Gatan Image Filter (GIF) was 
used to correlate the observed structural and chemical changes with electrochemical behavior. Surface 
structure modifications for the Li[Li0.2Ni0.2Mn0.6]O2 particles were observed by sub-Å-resolution high angle 
annular dark field (HAADF) STEM imaging before and after electrochemical cycling  The as-processed 
atomic structure of the Li[Li0.2Ni0.2Mn0.6]O2 surface and the surface following ten (10) charge-discharge 
cycles are compared. In the cycled grains, the outermost 8-10 atomic layers of the surface exhibited an 
alternating periodic intensity of the [11-1] planes, indicative of an ordered structure. The atomic structure 
of the surface layers was analyzed in detail by combining the images acquired from different orientations.  
EELS analyses showed a Li-deficiency associated with the surface, which was accompanied by 
modifications of the oxidation state for both Mn and Ni. The structural and compositional/chemical 
evolution of these surface structures during electrochemical cycling may play an important role on the 
amount and mechanism of degradation for this family of cathode materials in Li-ion batteries. Detailed 
analyses of such structural alterations for different cycles and cycling rates will be presented.  
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