


X-RAY PHOTOELECTRON 

SPECTROSCOPY(XPS)

HACETTEPE 

UNIVERSITY 

DEPARTMENT 

OF CHEMICAL 

ENGINEERING

D.2 

21.05.2010

*BAŞAK KANYA   

*BUSE AYNURU 

*DENİZ ASLIHAN ÖZGÜROL      

*DİLARA ŞENYÜREK



INTRODUCTION

History of XPS

How does it Work?

Parts of XPS

Advantages and Disadvantages

Materials&Industrial Areas of XPS



GOALS OF OUR PRESENTATION

What is the XPS?

Explaining  Working Principle of XPS.

Providing information about the 

application areas of XPS.



HISTORY OF XPS

In 1887, Heinrich Rudolf 
Hertz discovered the 

photoelectric effect that 
was explained in 1905 by 

Albert Einstein (Nobel 
Prize in Physics 1921). 

After WWII,in 1954, Kai 
Siegbahn recorded the 

first high energy 
resolution XPS spectrum.

(Nobel Prize in 1981)
Department of Physics and Materials Science

City University of Hong Kong

Surface Science Western, UWO, Xray Photoelectron 

Spectrsocopy Slides 



PHOTOELECTRIC EFFECT

http://faculty.virginia.edu/consciousness/images/photoelectric%20effect.gif

Figure.1



SURFACE ANALYSIS;

 X-ray Photoelectron Spectroscopy (known as ESCA)

 Auger Electron Spectroscopy (AES)

 Ultraviolet Photoelectron Spectroscopy (UPS)



XPS IS IMPORTANT BECAUSE....

 The kinetic energy of emitted electrons is recorded

 Provides information about;

* Atomic composition,

* Structure and oxidation state of the     

compounds.



METHODS OF XPS

KE= hv- (EB+ϕ)
Intensities of 

photoelectrons 

shows 

EB(binding 

energy) or 

KE(kinetic 

energy)

The Instrumental Analysis 5th Edition Skoog-Holler 

pg.539 graph 21.3

Figure.2



WIDE-SCAN SURVEY SPECTRUM FOR SOME 

ELEMENTS

Figure.3 shows a low-resolution or survey XPS spectrum consisting of 

a plot of electron counting rate as a function of binding energy Eb.

http://en.wikipedia.org/wiki/File:Wide.jpg



X-RAY PHOTOELECTRON 

SPECTROSCOPY (XPS)
X-ray photoelectron 

spectroscopy (XPS) is 

a quantitative 

spectroscopic technique  

*The electronic state 

of the elements 

*The elemental 

composition

*The empirical formula

*The chemical state 
http://wpcontent.answers.com/wikipedia/commons/f/f2/System2.gif



APPLICATIONS OF XPS

 Qualitative Analysis

 Chemical Shifts and 

Oxidation State

 Quantitative 

Applications

http://www.azom.com/work/Surface%20Analysis%20of%20Corroded%20Steel%2

0Wire%20Using%20Secondary%20Ion%20Mass%20Spectroscopy%20(%20SIMS

%20)%20and%20X-Ray%20Pho_files/image005.gif



QUALITATIVE ANALYSIS

Wide scan XPS spectrum

→ The elemental composition of 

samples



CHEMICAL SHIFTS AND 

OXIDATION STATES
 Chemical shift → chemical binding established by the

emitter atom

 When one of electrons is removed;

-the core levels are reorganized.

-binding energy increases.



Figure.4 The effect of number of valence electron and thus oxidation state

is demonstrated by the data for several element shown in the table.

The Instrumental Analysis- Skoog-Holler 5th edition pg542 table 21.2



FOR EXAMPLE...
 Fluorine atoms have 

the greatest ability to 
withdraw electron 
density from the 

carbon atom. The 
effective nuclear 
charge felt by the 

carbon 1s electron is 
therefore a 

maximum, as is the 
binding energy.

http://210.34.15.15/webelements/webelements/C1F4-75730.jpg



QUANTITATIVE APPLICATIONS

Method is not 

commonly used for 

determination of 

the elemental 

composition

Peak intensities & 

peak areas 

→analytical 

parameter 

These quantities and 

concentration→

emprically.



COMPONENTS OF AN XPS SYSTEM

 X-ray source

 Sample Holder

(Vacuum system)

 Analyzer

(Monochromotor)

 Detector

(Transducer)

 Computer System

Figure.5 http://iramis.cea.fr/Images/astImg/508_2.jpg

Sample 

holder

X-ray source

Lens

Hemispherical 

fields

Analyzer

Computer 

System



OUTSIDE & INSIDE VIEWS OF XPS

http://www.mrl.ucsb.edu/mrl/centralfacilities/microscopy/XPS_Kratos.jpg
http://upload.wikimedia.org/wikipedia/commons/a/a0/Silver_Target_in_XPS

_Spectrometer.jpg



*X-RAY SOURCE*

Mg or Al target’s band width < higher atomic number target’s band width

http://images.jimonlight.com/wp-content/uploads/2009/04/large_xray.jpg

X-Ray tubes→Mg or Al target+suitable filters. 



*SAMPLE HOLDER

(VACUUM SYSTEM)*
 Solid samples↔the enterance slit of the 

spectrometer.

 In order to avoid attenuation of the electron 

beam pressure (10−5 Torr or smaller)

 Ultra High vacuum is required to avoid 

contamination of the sample surface with 

reaction or adsorbtion (Water,Oxygen)



*ANALYZER (MONOCHROMOTOR)*

 Hemispherical type 

 Electron beam travel in a curved path because of 

electrostatic magnetic field 

 The radius of curvature depends on;

-KE   

-Magnitude of the field

 Pressure in the analyzer should be 10−5 Torr  or 

smaller.



*DETECTOR(TRANSDUCER)*

 Lead to;

-increase the number of electrons

*so electric current is increased

 Transducer (channel electron multipliers)



*COMPUTER SYSTEM*

Resolution

elements of an 

electron

spectrum are

monitored and

datas are stored.

http://www.nrel.gov/data/pix/Jpegs/01663.jpg



ADVANTAGES & DISADVANTAGES

*ADVANTAGES* *DISADVANTAGES*

1. Make the best analysis

2. Only one device that is 

showing Chemical

Electronic States

1. Radiation

2. Expensive ($300,000-

$900,000)

3. Difficulty to do 

measurement (Need to 

vacuum)



WE CAN ANALYSIS WITH XPS;
 Inorganic compounds

 Metal alloys

 Semiconductors 

 Polymers 

 Elements 

 Catalysts 

 Glasses 

 Ceramics

 Paints

 Papers

 Woods

 Bio-materials, 

 Glues

 Ion modified materials and many

others

http://www.dsm.com/en_US/images/dsmd/fiber.jpg

Semiconductors-fiberglass



INDUSTRIES FOR XPS ANALYSIS

 Aerospace

 Automotive 

 Biomedical/biotechnology 

 Compound Semiconductor

 Data Storage

 Defense

 Displays

 Electronics

 Industrial Products

 Lighting 

 Pharmaceutical 

 Photonics 

 Polymer 

 Semiconductor 

 Solar Photovoltaics 

 Telecommunications



...XPS...
IN ANKARA

Bilkent University

 METU( Middle East Technical 

University) Laboratories 



SUMMARY

In this presentation, XPS is described. 

The best analyzer for surface

characterization

Only one analyzer that shows

Chemical Electron State
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