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Lecture outlook
- what is XPS (quick intro)

- e-spectrometer: how it works
- NAP-XPS

-AP-NEXAFS
-Instrument
-examples
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Photoelectron  Spectroscopy (PES) is a 
widely used technique to investigate 

the chemical composition of surfaces.

“What is?” Elemental 
composition

“How much 
is?”

Quantitative 
analysis

PES can probe many features of the 
electronic structure, thus providing 

information useful for the 
comprehension e.g. of spin/charge 

transport, magnetic properties, local 
structural order, etc…

• Irradiate a solid with 
monoenergetic UV/X-ray radiation 

• Analyze the energies of the 
emitted electrons

PhotoElectron Spectroscopy (PES) or 
X-ray Photoemission Spectroscopy 
(XPS)

Photo-Emitted electrons

photons
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EK = hn – EB – fAN

hn : photon energy

EB : core level binding energy

fAN: work function of the 

electron analyzer

1. H. Hertz, Ann. Physik 31,983 (1887).
2. A. Einstein, Ann. Physik 17,132 (1905). 1921 Nobel Prize in Physics.
3. K. Siegbahn, Et. Al.,Nova Acta Regiae Soc.Sci., Ser. IV, Vol. 20 (1967). 1981 Nobel Prize in Physics.
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Standard XPS: chemical analysis with 
laboratory sources

X ray tube

Reference: handbook of x ray photoemission
 spectroscopy
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CHEMICAL 
STATE 

SENSITIVITY

Spin-orbit splitting

Core levels

Valence 
states

Core level spectral lines are identified by 
the shell from which the electron was 

ejected (1s, 2s, 2p, etc.).

Copper
hn = 1486.6 eV

XVII SILS School, Muggia 24/09/2024



Electron energy analysers

Electrostatic energy 
analyser

Time of flight

Hemispherical or cilindrical 

Broad application field with standard and 
synchrotron sources

Require pulsed sources, special applications:
Time resolved experiment
Angular resolved photoemission
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The king of analysers:
electrostatic hemispherical analyser

3 (4) parts: input lenses
    hemisphers
    detectorsMean radius: 150 mm
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Detectors: electron multipliers

Channeltrons Microchannel plate

Both require vacuum better than 10-6 mbar!!!
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The pressure gap: bridging the distance 
between UHV and real world

To gain inside in the catalitic processes we need to apply 
the spectroscopic analysis to real processes…

NAP-XPS AP_XAS in the soft x ray 

Development of electron based operando spectroscopies

UHV
10^-10 mBar

Ambient 
pressure
10^3 mBar
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Ambient pressure XPS

Motivation:
-surface structure may differ from what observed in 
UHV
-Dynamic effect can play a significant role
-Dynamic processes may be studied
-Material with high vapor pressure can be studied

Problems:
1) Electron analyser require UHV

2) Electron escape depth 
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Analyser for NAP-XPS (a smart solution…) 

Extremely expensive, brute force…………

Several differential pumping stages
Input lenses focalize electron in 
small apertures to help differential 
pumping
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ALS 
Brookhaven

NAP-XPS experimental setups 

Bessy II (3)
Diamond 
Max4 (2)
SLS 
SOLEIL
Elettra2.0

Pohang (SK)
NSLS 
Shangai
Photon Factory 
Nanoterasu
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Benchmark experiment:
 chemical reactivity @ surfaces

ACS Catal. 2017 72  1150-1157
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The classical experiment NAP-XPS

As a function of P As a function of T
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Example 2: solid/liquid interfaces
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The last frontier…….
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Different approach: membranes!

Review of Scientific Instruments 87, 053121 (2016)
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Questions?
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Ambient Pressure soft-XAS for solid/gas interfaces

NEXAFS

NEXAFS
(XANES)

EXAFS

DOS empty states
Electronic 
Properties
Oxidation state

Radial distribution
of neighbours
Crystal structure

Soft x ray

0-2 keV

Hard x ray

> 3 keV

http://www.trieste.nffa.eu/
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AP soft XAS: brief history  

Dedicated Beamlines: 
ALS (2?)
Bessy II
Diamond 
Elettra
Instruments:
SSLS
Photon Factory (2022)

1998 2004 2009

Knop
Gericke

Bell
Salmeron

Duda

2007 2013

Duda
Tamenori
Salmeron

2018 2022

APE-HE VERSOX
Kondoh

XVII SILS School, Muggia 24/09/2024

http://www.trieste.nffa.eu/


www.trieste.nffa.eu 
Info.ts@nffa.eu

AP Soft-XAS laboratory @APE-HE
Synchrotron radiation
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Benchmark experiment: Solid Oxide Fuel Cells

Problem: high working temperature, search for materials that works in intermediate range (400-600 0C)
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PBM Structural properties

H2

800 °C

Air

800 °C

Double layered
perovskite

PrBaMn2O6-δ

(o-PBM)

Single mixed perovskite
Pr0.5Ba0.5MnO3-δ Double layered perovskite

PrBaMn2O5+δ

(r-PBM)

ü Both high ionic & electronic conductivity;

ü In situ formation of the layered phase PrBaMn2O5+δ;

ü High stability in reducing environment;

ü High sulfur tolerance;

ü Good electrochemical activity towards the oxidation of hydrocarbons;

ü Employed as electrodes in more advanced technologies (Symmetrical
SOFC, Reversible SOC);

ü Good matrix for the creation of self-assembled ex-solved
nanostructures.

T. Shin et al., 
Faraday Discuss., 2015, 182, 227.
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Redox properties
TGA:

Ø Splitting of the first consumption peak after the immediate 
oxidation at high temperature;

Ø Disappearance of the peak at high temperature;
Ø Repetition of the TPR signal after every RedOx cycle.

Ø Same trend after every Redox cycle;
Ø Immediate re-oxidation of the r-PBM phase;
Ø Results in line with the TPR experiments.

TPR:
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In situ-XRD

Oxidation 
at 800 °C

HC-XRD: 
in situ oxidation
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In situ Soft-XAS 

Pr and BA
do not participate

Linear combination of 
Mn reference spectra Nominal charge 3.5

Presence of Mn 2+ (surface phase)

Mn 4+  to Mn 3+ and Mn 2+
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Water interaction with surfaces

V. Polewczyk, M. Mezhoud, M. Rath, O. El-Khaloufi, F. Bassato, 
A. Fouchet, W. Prellier, M. Frégnaux, D. Aureau, L. Braglia, G. 
Vinai, P. Torelli and U. Lüders, “Formation and Etching of the 
Insulating Sr-Rich V5+ Phase at the Metallic SrVO3 Surface 
Revealed by operando XAS Spectroscopy Characterizations ",
Adv. Funct. Mater. 2301056 (2023). 
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V reduction under water exposition

Aged SrVO3 present over-oxydized phase at surfaces. Sample has been exposed to 1 Bar of He with 3% of water vapor
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Reflectivity measurement and etching
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Comparison between NAP-XPS and  AP soft-XAS
NAP-XPS Soft-XAS

Surface sensitivity

Acquisition time

Rough condition

Informative

Table of elements

Weak point the elements atteinable, however for C,O,N or Transition metals or rare earth
is probably more efficient from many point of view.
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