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X-ray Photoelectron Spectroscopy (XPS)
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Limitation of XPS :
Inelastic scattering with gas molecules in the air
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It requires UHV chamber system for quality work
= Impossible to work on liquid/solid interface system




Ambient pressure soft x-ray spectroscopy:
Differentially pumped electron transport
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First Ambient Pressure XPS :
Differential Pumping and Electrostatic Lens

Experimental
Sample holder with cell supplied

X,Y,Z & theta motion and by gas lines
resistive heater
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Scienta (2008)

New Scienta Ambient Pressure Photoelectron Spectroscopy Endstation
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Cumulative number of publications

AP-XPS around the world (2020)
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Various areas of APXPS applications (2020)

PEE 0 W S O T O 0% A S SN DR AN OO R IR ot B o [ i TR 108 M 1% S TR0 030 M DOC TG 200 W ot N o M s M (08 O 0 120 W 00 1O 1O

800 — Ambient pressure x-ray photqeleqtron spectroscopy publications
per scientific area
| m Other
700 —{ = Thin film growth
| mm Electrocatalysis

4 m Liquids
S 600 -{ m Methods and instrumentation
o w  Materials science
=t 7 mm Surface science
2 500 — Catalysis
© | ‘
b
£ 400 —
>
C e
q’ "
2 s
= 300 B
= -
E 93
O 200 ¥

100 —

0"‘ L [ [ PSS (LB R B R FR R [ B PR
1970 1980 1990 2000 2010

Year

Joachim Schnadt, Lund Univ./ MAX IV
J. Phys.: Condens. Matter 32 (2020) 413003 (29pp)



Review Articles

Salmeron, M.; Schlogl, R,
Surf. Sci. Rep. 2008, 63, 169

Starr, D. E.; Liu, Z.; Havecker, M.; Knop-Gericke, A.; Bluhm, H.,
Chem. Soc. Rev. 2013, 42, 5833— 5857

Nguyen, L.; Tao, F. F.; Tang, Y.; Dou, J.; Bao,
Chem. Rev. 2019, 119, 6822— 6905

Han, Y.; Zhang H.,; Yu, Y.; Liu, Z, (Electrochemistry application)
ACS Catal. 2021, 11, 3, 1464-1484

. Dupuy, R.; Richter, C.;, Winter, B.; Meijer, G.; Schlogl, R.; Bluhm, H.;
J. Chem. Phys. 2021, 154, 060901



Outline

1. The basic concept of AP-XPS
2. Recent Development/Applications of AP-XPS
3. Case study: Hard X-ray AP-XPS with X-ray Scattering

4. Summary



Fields of Science with AP-XPS :

Energy and Environment
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Early studies with AP-XPS at ALS
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Challenges of AP-XPS

a. Pressure Gap: What’s really happening at 1 Bar?

b. Liquid/Solid Interface or Liquid Phase:
Can we monitor/control the liquid surface at equilibrium ?

c. Time-resolved surface reaction dynamics under reaction
condition



Pressure Gap
Hard X-ray : Increasing Inelastic Mean Free Path (~ 9 KeV)
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Pressure Gap

Tender X-ray AP-XPS at 2Bar pressure at DESY (2019)

Rev. Sci. Instrum. 90, 103102 (2019); https://dol.org/10.1063/1.510932]




Tender X-ray AP-XPS at 2Bar pressure at DESY (2019)
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Intensity / a.u.

Tender X-ray AP-XPS at 2Bar pressure at DESY (2019)
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Article https://doi.org/10.1038/s41467-025-56082-8

In-situ probing of the Fischer-Tropsch
reaction on Co single crystal surfaces up
to 1bar
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Pressure Gap

Hard X-ray AP-XPS Endstation at Spring-8, Japan (2023)
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Hard X-ray AP-XPS Endstation at Spring-8, Japan (2023)
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Challenges of AP-XPS

a. Pressure Gap: What’s really happening at 1 Bar?

b. Liquid/Solid Interface or Liquid phase:
Can we monitor/control the liquid surface at equilibrium ?

c. Time-resolved surface reaction dynamics under reaction
condition



Electrochemistry : Can we observe electrochemical double layer ?
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Tender X-ray : Increasing Inelastic Mean Free Path (3~5 KeV)

Inelastic mean free path (A)
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ALS. BL9.3.1. Thin Film El
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Electrochemistry Set-Up
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Liquid-Solid interface (Electrochemistry)

Three Electrode Dipping Stick
“Dip & Pull” to create thin meniscus

ALS Courtesy of Prof. Zhi Liu (Shanghai Tech.)




Electrode-electrolyte interface characterization using APXPS under

in-situ EC treatment
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Electrochemistry : Can we observe electrochemical double layer ?
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Micro-Cell with AP-XPS

X-ray Absorption Spectroscopy

Mass-flow
controllers

Gas inlet
and outlet

Axel Knop-Gericke
Robert Schlogl

FHI-MPI, BESSY, Helmholtz Germany

Rev. Sci. Instrum. 87, 053121 (2016)




Micro-Cell with AP-XPS
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Liquid-Jet with AP-XPS
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Liquid-Jet with AP-XPS

hole pattern towards
turbo molecular pump

-

“

side door (removed)

-

12 mm thick motor mount

bottom plate of liner is spring
loaded to the microjet flange

Rev. Sci. Instrum. 84, 073904 (2013)



Challenges of AP-XPS

a. Pressure Gap: What’s really happening at 1 Bar?

b. Liquid/Solid Interface or Liquid phase:
Can we monitor/control the liquid surface at equilibrium ?

c. Time-resolved surface reaction dynamics under reaction
condition



Time-Resolved Study with AP-XPS

Time-resolved ambient pressure XPS setup: the simultaneous recording of the kinetic energy
and the time stamp (tagging) of every electron relative to the trigger signal of the laser.

start

Ambient Pressure pPylsed bias
XPS Analyzer

<
4
[ A
Gate and Delay

Generator
A

T Oscilloscope E E o

< I

Time- and Position-
Sensitive Detector

stopJv

fo

TDC and image
processing

>

TLaser trigger

Pump Laser

Y f Photodiode

X-rays

energy

v

time

FIG. 1. Timing scheme of the tr-XPS apparatus. See text for details.

2 24 1 et
& My, (d)!
T 6]} = ——+—<TOF spread (FWHM)>
g } Ter_e———— = (780  20) ps
= 0.81 gt
O B!
F 0.0 1602 ¢ i
220- = (C)
159 §
200
158 - TOF spread
z - z '(FWHM)
= 2157
S a
160-
E £156
e [
140 155
120+ 154
100 _— 53 —p—t——
492 49 500 504 508 0 4 8 12
i . L L 1 L Intensity (arb. u.)
= 6
£
S 4
z b)
g 2]
8 a4
£ 0+ T T T T T 1
300 400 500 600

Kinetic Energy (eV)

REVIEW OF SCIENTIFIC INSTRUMENTS 85, 093102 (2014)



Time-Resolved Study with AP-XPS

Event Average with external source of spectroscopic probing
Time resolution : ~20 micro second
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Time-Resolved Study with AP-XPS

Event Average with internal source of spectroscopic probing

Time resolution : ~158 ms

Pulse-trains and Pulses of CO/O2 mixture and O2
= “Event Averaging’ techniques
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