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2. Electron Spectroscopy
for Chemical Analysis
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Electron Spectroscopy for Chemical Analysis

More about Chemical shift

- Chemical shift: change in binding energy of a core electron of an element 
due to a change in the chemical bonding of that element.

Core binding energies are determined by electrostatic interaction between it 
and the nucleus
Reduced by: 
- the electrostatic shielding of the nuclear charge from all other electrons in 

the atom (including valence electrons)
- removal or addition of electronic charge as a result of changes in bonding 

will alter the shielding 

Withdrawal of valence electron charge (oxidation)-->> increase in BE
Addition of valence electron charge -->> decrease in BE

Chemical Effects in XPS

Qualitative view
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Electron Spectroscopy for Chemical Analysis

More about Chemical shift

Chemical Effects in XPS

Oxide Compared to Metal

Binding Energy is lower due to 
increased screening of the nucleus by 
2s conduction by 2s electrons

Binding Energy is higher because Li 2s 
electron density is lost to oxygen
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Electron Spectroscopy for Chemical Analysis

More about Chemical shift

Photoemission Process can be thought of as 3 steps:

(a) Photon absorption and ionisation (initial state effects)
(b) Response of atom and creation of photoelectron (final state effects)
(c) Transport of electron to surface (extrinsic effects)
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Electron Spectroscopy for Chemical Analysis

More about Chemical shift

Usually Chemical shifts are thought of as 
initial state effect  (i.e. relaxation process
are similar magnitude in all cases)

Ti 2p1/2 and 2p2/3 chemical shift for Ti 
and Ti4+. Charge withdrawn Ti -> Ti4+ so 
2p orbital relaxes to higher BE

Note: Spin-orbital splitting(SOS) is
approximately constant - confirming SOS is 
largely an initial state effect

Chemical shift information very powerful 
tool for functional group, chemical 
environment, oxidation state.
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More about Chemical shift

Examples of Chemical shifts
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Electron Spectroscopy for Chemical Analysis

More about Chemical shift

Examples of Chemical shifts

Detailed Iron 2p Spectrum of High Purity Iron
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Electron Spectroscopy for Chemical Analysis

More about Chemical shift

Examples of Chemical shifts

Detailed Spectrum of Fe 2p line for Magnetite (partly oxidized)
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Electron Spectroscopy for Chemical Analysis

More about Chemical shift

Examples of Chemical shifts

Detailed Oxygen 1s Spectrum
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Electron Spectroscopy for Chemical Analysis

More about Chemical shift

Examples of Chemical shifts

Cubic - BN crystal
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Electron Spectroscopy for Chemical Analysis

More about Chemical shift

Examples of Chemical shifts

High Resolution Spectra Arsenopyrite

Arsenopyrite is an iron arsenic sulfide (FeAsS)
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Electron Spectroscopy for Chemical Analysis

More about Chemical shift

Examples of Chemical shifts

High Resolution Spectra Arsenopyrite



Surface Analysis of Nanomaterials

Electron Spectroscopy for Chemical Analysis

More about Chemical shift

X-ray Photoelectron Spectroscopy (XPS) reference page

http://www.xpsfitting.com/
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Electron Spectroscopy for Chemical Analysis

More about Chemical shift

X-ray Photoelectron Spectroscopy (XPS) reference page

https://www.thermofisher.com/kr/ko/home/materials-science/learning-
center/periodic-table.html
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Electron Spectroscopy for Chemical Analysis

More about Chemical shift

https://www.thermofisher.com/kr/ko/home/materials-science/learning-center/periodic-
table/non-metal/carbon.html

Example, Carbon
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Instrumentation

Electron Spectroscopy for Chemical Analysis

The primary components that 
make up the ESCA instrument 
are the vacuum system, X-ray 
source, electron energy analyzer, 
and data system.

A schematic diagram of an ESCA 
spectrometer using a 
monochromatized X-ray source
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Electron Spectroscopy for Chemical Analysis

Example

K-Alpha ESCALAB 250
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Electron Spectroscopy for Chemical Analysis

The ESCA experiment must be conducted under vacuum for three reasons

Vacuum for ESCA analysis

- First, the emitted photoelectrons must be able to travel from the sample through 
the analyzer to the detectorwithout collidingwith gas phasemolecules. 

- Third, the surface composition of the sample under investigation must not change 
during the ESCA experiment.

- Second, some components such as the X-ray source require vacuum conditions 
to remain operational. 

The actual vacuum required will depend on the reactivity of the sample 
(e.g. metallic Na will require a better vacuum than PTFE). For most 
applications a vacuum of 10−10 torr is adequate. For
studies on polymeric materials, good results can usually be obtained 
with a vacuum of 10−9 torr.
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Electron Spectroscopy for Chemical Analysis

Sample loading

- Samples are typically introduced into the analysis vacuum chamber via
a load-lock or preparation chamber

- The load-lock is a small volume chamber that can be isolated from the analytical 
chamber and then backfilled to atmospheric pressure

- Sample manipulators typically have the capability to translate a sample in 
three directions and to rotate it in one or two directions.

- By coupling different sample mounting techniques with the manipulator 
capabilities and/or adding other components such as ion guns, a range of different 
ESCA experiments can be done (variable temperature, variable angle, multisample, 
destructive depth profiling, etc.).
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Instrumentation

Electron Spectroscopy for Chemical Analysis

X-ray Source

- X-rays for an ESCA experiment are usually produced by impinging a
high-energy (∼10 keV) electron beam onto a target.

- Common anodes along with the energies of their characteristic emission lines are 
listed in Table (below)
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Electron Spectroscopy for Chemical Analysis

X-ray Source

X-rays are generated by bombarding a metallic anode with high-energy electrons. 
The energy of the emitted X-rays depends on the anode material and beam intensity 
depends on the electron current striking the anode and its energy.
Early XPS instruments were fitted with non-monochromatic X-ray sources because 
the sensitivity of the early instruments was low. Sensitivity and monochromator design 
have improved, and most XPS instruments include monochromators as standard 
equipment and non-monochromatic sources are optional.

X-ray monochromator

With a monochromated X-ray source, X-rays strike the parallel crystal planes at 
an angle θ and are reflected at the same angle. The distance travelled by the X-
rays depends on the crystal plane at which they are reflected. If the distance 
between two crystal planes each reflecting X-rays is d, then the path length 
difference is 2dsinθ. If this is equal to an integral number of wavelengths, then the 
X-rays interfere constructively. This effect produces the Bragg equation:

nλ = 2dsinθ
Where n = the diffraction order, λ = X-ray wavelength, d = the crystal lattice 
spacing and θ = the angle of diffraction (the Bragg angle).
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X-ray monochromator

The physical properties of quartz combined with its lattice spacing and availability 
as a single crystal, makes it the only material used for commercial X-ray 
monochromators in combination with Al K-alpha radiation. The quartz crystal is 
usually bent when it is used as an XPS monochromator.
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Electron Spectroscopy for Chemical Analysis

X-ray monochromator

- For the monochromators fitted to XPS Instruments, the radius of curvature is 
different in each direction (i.e., it is toroidally bent), which allows the X-rays to be 
focused and monochromated.

- Electrons are emitted from a bright source, such as LaB6, and focused onto a water-
cooled, aluminum anode. Some of the X-rays emitted from the anode are intercepted 
by the crystal and a monochromated beam of X-rays is focused onto the sample. 
The size of the X-ray spot at the sample is equal to the size of the electron beam spot 
on the anode. Therefore the analysis area can be controlled by controlling the 
electron beam spot size.

- X-rays produced in a twin-anode source have a wide X-ray line width, satellite X-
ray peaks and a continuum of background radiation. All of these factors affect the 
quality of the XPS spectrum.

https://www.thermofisher.com/kr/ko/home/electron-microscopy/products/xps-instruments.html
https://www.thermofisher.com/kr/ko/home/electron-microscopy/products/xps-instruments.html
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X-ray monochromator
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- A multi-anode configuration is used to provide two or more X-ray energies. Most 
spectrometers use only one or two anodes, with Al and Mg the most common for 
non-monochromatic sources and Al the most common for monochromatic sources.

X-ray Source

- Since most of the incident electron energy is 
converted into heat, anodes are usuallywater
cooled. This allows operation at higher power  
loads without significant degradation (e.g.
melting).

- The best way to optimize single energy 
production is to use an X-ray 
monochromator. The most popular 
monochromatized source combines an Al 
anode with one or more quartz crystals.



Surface Analysis of Nanomaterials

Instrumentation
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- Most non-monchromatized sources illuminate a spot that is a few
centimeters in diameter. 

- In contrast, the monochromatized sources typically illuminate an area that is a few 
millimeters or smaller in diameter. 

- With a focused electron gun and the quartz crystal used as both a monochromator
and a focusing element, spot sizes <50 μm in diameter can be realized

X-ray Source

- When used with a suitable monochromator, synchrotron radiation can provide a 
tunable source of high intensity, focused X-rays for photoemissionexperiments. 
With the use of zone plates X-ray spot sizes <150nm can be obtained
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