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Organizers of this year’s workshop put forward a program of rather different format due
to the requests for having a dedicated technical session before the start of science sessions.
Beginning on the first day of the workshop (12/11), Ethan Crumlin of ALS started with a talk
on the issues related to the use of tender X-ray for APXPS. He laid out several topics for the
audience to discuss on: 1) where are tender APXPS systems being developed? 2) what type
of science are being pursued? 3) windows or no windows? 4) what are good techniques to
combine with tender APXPS, and 5) what are capabilities scientists would be interested in?
So far, there are only a handful of facilities providing synchrotron-based tender X-ray (4 to 6

keV) for APXPS experiments and they include BESSY II, ALS, and SSRL. One big
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advantage of having 4 keV X-ray is to have a large penetration depth for the water film that is

composed of light elements of H and O, resulting in a large inelastic mean free path up to 3

nm for 4 keV X-ray, and rendering the electrochemical interface experimentally observable.

If synchrotron tender X-ray unavailable, a combination of synchrotron soft X-ray and fixed

energy, X-ray tube sources like Cr Ko line with energy of 5.4 keV or Ag La line of 3 keV is

also highly desirable, an approach taken by Pohang light source and others. We worked on a

possible addition of Ag La source to augment our machine capability in the beginning of the

year but eventually abandoned this approach due to the weaker flux of Ag source and a lack

of suitable ports in our machine. As the employment of tender X-ray APXPS is in the nascent

stage, we expect to see more broadened applications in the years to come, as happened in

HAXPES technique. Meanwhile, we envisage that an employment of tender X-ray offers a

more robust window solution for vacuum isolation since tender X-ray can penetrate through

Be or thicker/ durable SisN4 window. If a continuous energy scanning in tender X-ray is made

available, then it will be possible to perform interesting XAS experiments covering the useful

biochemically important elements of S and CI. Regarding our existing APXPS endstation, its

relocation to TPS has been included in the third-phase TPS beamline construction plan. The

construction project of new beamline and endstation needs to be blueprinted in 20109.

Whether we need tender X-ray for APXPS will be an issue of interest to electrochemical

research community. We need to take on the work and keep abreast with the newest

development in tender X-ray APXPS.



Another issue that has been receiving the attention of APXPS community is whether it

IS a viable option to perform spatially resolved APXPS imaging. Workshop organizers

recognized this issue by asking Zeller to moderate a discussion session. XPS imaging in

UHV by means of selective area mapping via the electron optics of the energy analyzer has

been a mature technique with a “best spatial resolution” of a few microns. Therefore, it

should not be too much a problem to extend this technique to ambient pressure range.

However, it will be of even greater impact if the existing spatially resolved imaging XPS

methods like SPEM can be adapted into high working pressure environment because their

proven spatial resolution is superior to that based on electron optics. In this regard, it is worth

noting that Electra synchrotron has implemented several schemes to work on samples under

different environments.

Karslioglu led the discussion on charge compensation, an increasingly important area

coupled to the promulgation of APXPS. It is now well established that the presence of

gaseous molecules in ambient pressure can alleviate the charging problem intrinsic to the

XPS measurements of non-conducting samples because the electrons and ions produced by

the photoionization of ambient gases can charge-neutralize the trapped photo-holes in the

samples. It is noted that in ambient pressure environment of APXPS, the conventional charge

compensation by flood guns cannot be applied due to an immediate filament burnout problem.

One remedy is to use a differential pumping floor gun, a project being actively pursued. A

successful application of this charge-neutralization by ambient gases sees the recent
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emergence of XPS spectra taken from exotic samples like leaves, bacteria, etc., which really

extends XPS technique to heretofore unthinkable areas of applications. However, it needs to

be cautioned that the charger neutralization by photoionized gas molecules works in principle,

but in practice it is very tricky to apply, an opinion echoed by the audiences as well. We

found that the amount of charge compensation by gases is either under or over or zero at all.

We also realized that we needed to pay attention to the instrument layout around the sample

as well in order to have a satisfactory charge compensation. A few months back, we started to

play around the technique by using different gases of different pressure as well as applying

biasing voltage to the different points around samples, and concluded that the charge

compensation scheme by gases worked to some degree but not perfectly. We now plan to

bring the X-ray entrance tube terminated with a SisNs membrane even closer to the sample,

from 7 cm down to 3 cm so that many more charge species can be made available to

neutralize the trapped photo-holes.

Juan Velasco-Velez presented an APXPS measurement with the sample kept at one

bar pressure and the pressure isolation between the sample and the APXPS analyzer is

achieved with single-layer graphene supported mechanically by holy SisN4 membrane. The

graphene layer stops the gas transmission but allows the passage of photoelectrons. Fully

developed and reliable SL graphene devices will open up many applications in areas such as

liquid cells, ambient pressure gas cells for SPEM, PEEM, TEM usage. We had some limited,

unsuccessful experiences in fabricating SL graphene cells and we might revisit the fabrication
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of the graphene cells in the future.
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On the last day of the workshop (12/14), Hendrik Bluhm wrapped up the technical
sessions with a last round table discussion on the issue of sample contamination, a seemingly
trivial subject to non-practitioners. For UHV surface scientists, the contamination is not even
an issue at all. However, for APXPS community, this cross contamination has become quite a
common occurrence due to the permitted use of solvents, heated powder samples, and a large
volume of gases in UHV chamber, with the problem exacerbated by the less frequent
chamber bakeout. The chemicals used by previous users can linger in the chamber wall and
become unexpected contaminants for later users. Bluhm summarized the findings in the
following slide. Despite our relatively short experience in using APXPS (slightly more than
one year), we already experienced some contamination problems mentioned in the slide and

came up with various ways of combating this problem. We pay attention to the scheduling of
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user experiments and bake the chamber if necessary to minimize the cross contamination. \We

also plan to implement the plasma cleaning, a more aggressive, extensive cleaning of the

inside surfaces of the chamber. Hopefully, this problem can be brought under control.

Figure 6. Bluhm summarized the findings of cross contamination in this slide.
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