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Research on Li-©battery has generated a great
deal of interests due to the potential high enstgyage
capacity for future vehicular application.[1] Mastudies
have been reported on the understanding of casalyst
cathode structures and electrolytes to the battery
performance and cycle span.[2] These investigation
revealed that the actual redox mechanism in { b&tery
could be significantly more complicated than oradin
thought. For example, the cell stability has bee@m
significant issue when a non-aqueous electrolytesés.
[3] The actual reactions occurring at both eleaodf
the Li-O, battery and their contributions to the overall cel
durability are yet to be fully understood. Some
fundamental questions on the structural and phase
changes at different segments of the battery vwased
and addressed only gradually by different char&aagon
methods. In the cathode region, for example, wietree
lithium peroxide is the sole redox intermediateingithe
discharge-charge cycle remains yet fully addred$ed.
Li,O, is the key intermediate, how does its concentnatio
or grain size distribute at different electrodettisp And
how are they affected by oxygen and ion transpadkts?
there other lithium compounds formed or particigate
during the redox process? Anther important ar¢gaes
electrolyte stability in the presence of oxygen.
Decomposition of electrolyte at cathode during il
leads to the formation of insoluble lithium saliich are
attributed to the shortened battery lifespan. Dibleisim
salt precipitates impact only the cathode or thhoug the
battery? [4] Anode is another important region vaHias
generated only limited discussion at the momente®i
the complexity of multiple electrochemical reacton
inside of Li-Q cell, it is difficult to image that they will
not affect the highly reactive lithium anode. Ioae is
affected, how does that impact to the rechargghofithe
battery?

At Argonne National Laboratory, we developed
a holistic approach in studying electrochemicakcpases
and mechanism of the lithium-oxygen battery. Vasio
characterization techniques, such as SEM, TEM, FTIR
XRD, were used to analyze the structure, morphokogy
chemical species at the electrodes and separajionseof
the operating battery. Particularly, we introdutieesl
microfocused synchrotron X-ray diffractiop-KRD) and
tomographic techniques for the spatiotemporal study
the phase and structural change in Lib@ttery. These
tools offered some unique capabilities to char@aehe
battery properties under the actual discharge-éhgrg
condition. For example, the XRD has a spatial
resolution of less than 20 um and complete penetraf
the battery from the radial direction, renderingassible
to probe battery’s composition layer-by-layer uneli¢her
ex situ orin situ conditions. The data collection at any
given position usually takes only a few secondintp
the method particularly suitable to study the dyitam
change in battery in real time.

In this presentation, we will discuss our recent
result obtained from these situ studies of the operating
Li-O, batteries under the cycling condition. The ce#s
employed were fabricated based on the most
representative design and materials in the custewties.
We were able not only to reveal individually theanbes
at anode, cathode and separator, but also to aksemb
these data under the same discharge-charge timaiclom
Such information provides a holistic view of thesatical
processes at different regions and their interdépece
inside of a working battery.
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