
Dr. James N. O’Shea
School of Physics & Astronomy, University of Nottingham, UK 

Near-ambient pressure 

XPS for in-situ studies 

of catalytic surfaces



XPS & it’s applications to catalytic surfaces
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A Sole Descriptor Guiding the Selection of Catalyst Supports for Ammonia Synthesis
A. Weilhard, I. Popov, E. Kohlrausch, G. Aliev, L. S. Blankenship, L. T. Norman, S. Ghaderzadeh, L. Smith, M. Isaacs, J. N. O’Shea, 
A. Lanterna, W. Theis, D. Morgan, G. Hutchings, E. Besley, A. N. Khlobystov and J. Alves Fernandes

A. Weilhard et al, In review (2025)



XPS & reaching for more realistic pressures
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What does near-ambient pressure mean 

in the context of XPS?

10-10 mbar ---------- 10-6 mbar ---------- 10 mbar ---------- 200 bar

XPS Industrial processes

(ammonia synthesis)

NAP-XPSUHV



Ammonia



The instrument

NAP-XPS
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XPS

Gas-dosing

Mass-spectrometry

Excitation sources



Bridging the pressure gap

X-rays

Visible & UV

Mass-spectrometers

UHV suitcase for sample transfer to other instruments



“Knowing the before-reaction part or after-reaction part 

is like studying a life with access only to the prenatal 

and postmortem states.”

- Gabor A. Somorjai, 1998



Title Here



Realtime ALD of Al2O3 growth on TiO2

Ti3+ defects are healed by water exposure, 
but get locked-in at the interface after a 
full monolayer is formed.

Ti3+ defects are created at the interface 
due to the reaction of the surface with tri-
methyl aluminium





How do we get liquid water on the surface?

Peltier thermoelectric cooled sample



Complexity at a Humid Surface: Throwing Light on Atmospheric Corrosion

M. Dowhyj et al, Submitted to ACS Applied Materials & Interfaces (2024)



The growth of GaSe & 

oxidation to Ga2O3

EPI2SEM & NAP-XPS

IMP-CAT



IMP-CAT
Interconnected Materals Preparation & Characterisation for Advanced Technologies

IMP-CAT

UHV

STM, STS & AFM

XPS

ARPES

UPS

NanoESCA

PEEM

LEEM

MBE, ESD & PVD

XSW

XAS

NAP-XPS
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Au 4f

Ga 2p3/2

XPEEM of a 20 µm GaSe flake on Gold

Hg-lamp image X-ray excited secondary 

electron image
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GaSe Flake (NanoESCA/ARPES)
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Oxidation of 3-layer GaSe to Ga2O3

PhD Thesis: Surface properties & electronic band structure of 2D 

materials and thin films, K. Rahman (2024) – University of Nottingham

700 K

300 K

900 K



Oxidation of 3-layer GaSe to Ga2O3



Oxidation of 3-layer GaSe to Ga2O3



In-situ NAP-XPS probe of the work function

PhD Thesis: Synchrotron-based In Situ Electron Spectroscopy Applied to Oxide 

Formation and Catalysis J. Niclas (2017) – Lund University
K. Rahman (2024) PhD Thesis



Gas-phase XPS probe of the work function

Synchrotron-based In Situ Electron Spectroscopy Applied to Oxide Formation 

and Catalysis J. Niclas (2017) PhD Thesis

4 mbar N2 over Au, O/Al, and Al
M. Parker, B. Linton, J. N. O’Shea (Unpublished)



What does near-ambient pressure mean 

in the context of electrochemical XPS?

10-10 mbar ---------- 10-6 mbar ---------- 10 mbar ---------- 200bar

XPS IndustryNAP-XPSUHV



In-situ operando electrochemistry

X-rays



In-situ operando electrochemistry

R. H. Temperton, Unpublsihed



In-situ operando electrochemistry

R. H. Temperton, Unpublsihed



Summary
• NAP-XPS allows us to see what is happening at the 

surface and the gas-phase immediately above it, 

during the reaction and provides an in-situ WF 

probe.

• The surrounding UHV infrastructure allows for 

transfer from instruments for advanced materials 

preparation (and coupled reaction chambers).

• Different sample environments also allow for in-situ 

electrochemical or photocatalytic studies.



Thank you
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