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XPS, X-Ray Photoelectron Spectroscopy
A Surface Analysis Technique

“Web of Science”



Ş. Süzer‘in PES Research
(UC Berkeley, 1970-76)

Kai Siegbahn
Nobel Laureate 1981

ESCA



Large Spin-Orbit Splitting

Pb:  6s26p2 :  L-S Coupling 50% 6p1/2 – 50% 6p3/2

Intermed. Coupling     93% 6p1/2 – 7% 6p3/2

J-J Coupling           100% 6p1/2 – 0% 6p3/2

INERT-PAIR EFFECT
SPIN POLARIZATION

(SPINTRONICS , MOTTRONICS)



Why Surface?

• Hydrophopicity x Hydrophilicity

• Wettability

• Adhesion

• Self - Cleaning

• Friction

• Corrosion, Protection, etc.

• Color – Optical Prop.



1978-1994 –GAP!!!!!

3rd Hand KRATOS ES300 (~50 k$)



2002 2rd Hand KRATOS ES800 (~60 k$)



2009 DEMO Thermo Fisher K-Alpha 

(~200 k$) – ECASIA’09 Conference

2016

2019





Surface Sensitive
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1- Surface Sensitive
2- Element Specificity 
3- Chemical Specificity



Chemical Shifts

2015

1975
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Elecetrical Potentials on MLC and IL DIFFER!!!
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Chemical Shift

What is it?
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Elemental Characterization with XPS

~1:2

Si:O

Stoichiometric

ratio:

+δ
+δ

What 

IT IS NOT?

+8 !!!



Line Scan with XPS



XPS-SEM RESULTSName Peak

BE

FWHM

eV

Area (P)

CPS.eV

At. % Q

Snapshot 688eV A 686.50 3.29 253.46 100.00 Y

on the lineoff the line



WCA results of ‘as is’ surfaces – Case: Grid+Line+Blank

WCA(0) Results

Density of PTFE Blank Line Grid

(1cm/100µm) 51 76 98

(1cm/250µm) 46 89 100



Experimental Details
-Data Gathering Modes

-Survey Scans (Poorer Energy Resolution)

-Regions Scans

-Line Scans

-Iterations in Snap-Shot Mode (>10 ms)

-Areal Scans and Maps 

Lateral Position or Energy

-Lateral Resolution 30-400 µm

-Time Resolution >10 ms

-Depth Information (4-6 nm, XPS)



LIMITATIONS

Lateral Resolution:    ~5 µm
Time Resolution:      ~10 ms
Element Sensitivity:  ~0.5 %
Chemical Sensitivity:   Fair
Physical (Phases) Sen.: Poor
(No Way to Distinguish say
btwn ANATASE x RUTILE !!!)



X-ray Photoelectron Spectroscopy:
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4- Charge Sensitive
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TRIVIAL SHIFTS FOR CONDUCTING MATERIALS
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Ionic Liquids (IL) is.....

Molten salt but at Room Temperature

composed only of large anions & cations

~No vapor pressure

Designable & unlimited combinations





Devices with ILs
Type I 
Coplanar Capacitor

Type II
Drop



- Electro-Chemical Synthesis of CARBENE



-3V applied 

Au 4f spectrum

Scheme
Graphene !!!

Screening is EFFECTIVE!!!



Line Scan Mode

Step size:

800µm

Position
dependent
information 
across the 
electrodes.

EXTREEMELY
SLOW!!!
and
LONG 
RANGE!!!

Au Au
10 mHz 
SQW

5V
21 3 4 5 6 7 8 9

 F1s region

Dynamics of Ionic-Liquids  
COPLANAR CAPACITOR



When an electronic conductor is brought in 

contact with a solid or iquid ionic conductor 

(electrolyte), a common boundary (interface) 

among the two phases appears. Hermann von 

Helmholtz[1] was the first to realize 

that charged electrodes immersed in 

electrolyte solutions repel the co-ions of the 

charge while attracting counterions to their 

surfaces. Two layers of opposite polarity form 

at the interface between electrode and 

electrolyte. In 1853 he showed that an 

electrical double layer (DL) is essentially 

a molecular dielectric and stores charge 

electrostatically.[2] Below the electrolyte's 

decomposition voltage, the stored charge is 

linearly dependent on the voltage applied.

Double layer (surface science)
From Wikipedia, the free encyclopedia

Note That DEBYE LENGTH and TIME 1-10 nm  and ~1-10 ns !

https://en.wikipedia.org/wiki/Interface_(chemistry)
https://en.wikipedia.org/wiki/Phase_(matter)
https://en.wikipedia.org/wiki/Hermann_von_Helmholtz
https://en.wikipedia.org/wiki/Double_layer_(surface_science)#cite_note-1
https://en.wikipedia.org/wiki/Electric_charge
https://en.wikipedia.org/wiki/Electrical_polarity
https://en.wikipedia.org/wiki/Molecule
https://en.wikipedia.org/wiki/Double_layer_(surface_science)#cite_note-EDL-2


Volts

Arbitrary Units

Defined A New
Length and 
Time Scales





Line-Scans:    1-Dimensional Potential Profiles



1st Ever Experimental Verification

2 Widely Different
Time-Constants
~1:1000 Ratio
ҡ = 1 and 30
Ƭ  = 12 and 302

ƬC = λD.L/D = 
10 nm x 1 mm / 

2x10-11 m2/s = 0.5 s
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New Concepts



Parallel-Plate Capacitor

1-D COMSOL SIMULATION RESULTS
Restricting the Charge Accumulation: C0=3.3 M

Leeds to Increase in the DL thickness:
0.1 nm to maybe 1 nm
Still TOO SMALL!!!!
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2 Different Devices

-Using Simple Diffusion Model:
Distance = (D.Δt)1/2 = [10-11 (m2/s) x 10 s]1/2 = 10-5 m 

- Drift Velocity (using known viscocity values) = ~ 3 µm/s

Again both are TOO SMALL!!!!
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 D.C. or A.C. Biased XPS
 Chemical Processes and/or Reactions,
 Frequency Dependence (Impedance-Like)

of Different Liquids on Types of Bonding
(Dipolar, and/or Ionic),

 Validation of Different Models, EDL
Formation, etc.,

Can be monitored in a Chemically Resolved
Fashion with A BIG HELP from COMSOL

 There is Still Room for INNOVATIVE 
UTILIZATION of the Old-Lab-Based 
XPS Technique



2016 2018

2019

2019

OUR HOLY GRAIL

LIQUID/SOLID INTERFACES
be represented by 

SOLID STATE ELEMENTS
ONLY??

CATIONS & ANIONS
vs

ELECTRONS & HOLES


