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Single crystalline epitaxial films of LixCoO2 were studied intensively using PEEM in order to 
understand the electronic and structural changes in each grain for different Li concentrations and 
island types and substrate. 
The delithiation induces a shift of the valence band position towards the Fermi energy and changes 
in the Co 3p and Co 2p core level line shapes and Co L absorption edge, which were monitored 
after each delithiation cycle. All the changes observed are compatible with the sample 
metallization induced by the Li depletion. An analysis of different regions in the sample allows for a 

localized study of the sample properties in regions with different lithium contents, instead of 
averaging over islands and substrate.
This information is of crucial importance to understand the properties of the pristine LiCoO2 and 
how the original structure is modified upon delithiation, as well as the mechanism of Li 
deintercalation. Differences related to island size and position are observed. These results are in 
agreement with conduction AFM and ARPES results, but are much more precise and easy to 
understand, showing how powerful this technique can be.
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Samples studied wre epitaxial thin films grown by Pulsed Laser 
Deposition (PLD) with different grain sizes. The quality of the
samples and initial structure were studied by LEED and AFM

LEEM images showing the same
type of islands observed in AFM. 
Using different voltages the LCO 
islands or substrate can be 
enhanced.
Some deffects and regions with
different charge effects can be 
observed and studied, allowing a 
cleaner study of the LCO islands
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Delithiation works. Li is removed from the LCO islands but the substrate and average
are not affected. Individual delithaition and study can be performed

Average: substrate and island signal. LCO islands gradually get delithiated
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XPS and Valence Band Absorption Co L edge

• Islands of size comparable to AFM results
• Observation of flat islands, pyramids and a wetting 

layer. The wetting layer covers uniformly the 
substrate and contains Co, Li and O, but it is not LCO 
(different spectroscopy). The wetting layer is thin 
(the STO substrate is observed)

• The behavior of the Li-rich areas is similar to the 
behavior seen before for LCO samples (metallization 
and Co L absorption edge vs. Li contents)

• The delithiation process is similar to the behavior 
observed before for LCO samples (change of Li 
contents, VB metallization)

LiCoO2 in STO substrate (111) - Smal islands (100nm)

The structure of LCO has a layer-like distribution of CoO planes and Lithium
planes, this allows the small lithium atoms to move around with these planes as 
preferential directions. Taken advantage of this fact, Ne sputtering was
performed, resulting in a successful deintercalation of lithium in the surface. 
After annealing the sample, the order was recovered and only a partial recovery
of the Li occured, effectively delithiating the sample.  During the LEEM/PEEM 
experiments, the quality of the surface after this processes was checked and 
spatially resolved core levels of cobalt and lithium were taken to calibrate the
delithiation.

• Possibility to do Average measurements and spatially resolved measurements with field of 
view (FOV) 5um, 10um, 20um and 50 um.

• We used a FOV of 5um in order to be able to select the islands in the images
• The measurement method allows for later analysis of individual islands selecting the region in 

the image and performing XPS or XAS in that selected small region.
• Resolution depends on the apertures used (usually a few nm)

• LEEM
• Local LEED 
• XPEEM: X-ray Photoemission 

Electron Microscopy
• Spatially resolved XAS
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LEEM/PEEM is a powerfull technique for studying
surfaces, since it is surface sensitive and has a 
spatiall resolution of a few nm [1][2]
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LEEM images in mirror mode showing the
effects of the sputtering and annealing
treatments. The homogeneity is recovered after
a short annealing at 550ºC in O2
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The valence band is expected to shift towards the
Fermi level with the Lithium deintercalation, since
the sample becomes metallic, this is in agreement
with previous ARPES and XPS data. The substrate
has a wetting layer containing Lithium and cobalt, 
but the shape and position of the valence band is
clearly different and can be isolated.

An extra pre-peak appears in the Co border, as expected from
the new available states after Li loss, the lower images show 
how PEEM allows us to separate the contribution from
substrate, LCO islands and pyramids (shown as the opposite
here since they absorb the light incident at grazing angle)
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D A R K  F I E L D
The delithiation has been observed to be inhomogeneous. The substrate
is less afected by the sputtering, leaving a composition similar to the
initial stoichimetry. Meanwhile the individual islands appear to have lost
some lithium, as observed in thicker epitaxial samples, but the lack of 
uniformity between islands and even inside single islands yields different
Li/Co ratios depending on the region selected for the analysis,
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