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Introduction To Surface 
Chemistry

Prof.Dr. Nizam M. El-Ashgar

١

Importance of surface characterization

1- Heterogeneous Catalysis.
2- Semiconductor thin film technology.
3- Corrosion and adhesion mechanisms
4- Activity of metal surfaces.
5- Studies of the behavior and functions of biological

membranes.

Surface Analysis:

The Study of the Outer-Most Layers of Materials (<100 Α).

٢
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Introduction
Definition of Solid Surface:

• The boundary layer between a solid and a vacuum,
a gas or a liquid.

• A part of solid that differs in composition from the
average composition of the bulk of the solid.

- Top layer of atoms with a non-uniform composition
that varies from the bulk.

- The surface may be several of atomic layers deep.
- Surface measurements dose not affect the

measurement of average composition of bulk (tiny
fraction of the total solid).

٣

Characterization Methods
Classical Methods:
– Provide useful information about the physical

nature of surfaces but less about their chemical
nature.

– Involve obtaining optical and electron
microscopic images of surfaces and adsorption
isotherms, surface areas, surface roughness,
pore sizes and reflectivity.

Spectroscopic Methods: (1950)
– Provide information about the chemical nature

of surfaces.
٤
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Spectroscopic Surface Method

The chemical composition of the solid surface
often differs from the interior or bulk.
Spectroscopic surface methods provide both
qualitative and quantitative chemical information
about the composition of a surface layer of a solid
that is a few angstrom units to a few tens of
angstrom units in thickness

General Sensitivity Problems
v The problems of sensitivity and detection limits are

common to all forms of spectroscopy; some techniques
are simply better than others in this respect.

v In its simplest form, the question of sensitivity boils
down to whether في یتلخص it is possible to detect the
desired signal above the noise level.

In Surface studies: (especially those on single crystal
substrates) sensitivity is a major problem.

vConsider the case of a sample with a surface of size 1
cm2 - this will have ca. 1015 atoms in the surface layer.
In order to detect the presence of impurity atoms
present at the 1 % level, a technique must be sensitive
to ca. 1013 atoms.

٦
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In bulk studies using spectroscopic techniques:
vTo analyze a 1 cm3 bulk liquid sample i.e. a

sample of ca. 1022 molecules. The detection of
1013 molecules in this sample would require 1 ppb
(one part-per-billion) sensitivity - very few
techniques can provide anything like this level of
sensitivity !
vThis is one reason why common

spectroscopic techniques such as NMR
(detection limit ca. 1019 molecules) cannot be
used for surface studies, except on samples
with very high surface areas.

٧

Surface Sensitivity & Specificity 
Assuming that a technique of sufficient sensitivity can be

found, another major problem in surface spectroscopy is
distinguishing between signals from the surface and the
bulk of the sample.

In principle, there are two ways around this problem:
v To ensure that the surface signal is distinguishable (shifted)

from the comparable bulk signal, and that the detection
system has sufficient dynamic range to detect very small
signals in the presence of neighboring large signals.

v To ensure that the bulk signal is small compared to the
surface signal i.e. that the vast majority of detected signal
comes from the surface region of the sample.
Such techniques can then be said to be surface sensitive.

٨
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  Surface Sensitivity & Surface 
Specificity 

Two techniques used for surface analysis:

Auger Electron Spectroscopy (AES)
X-ray Photoelectron Spectroscopy XPS)

١٠

What do we really mean by 
surface sensitivity / specificity ?
• Most analytical techniques used in chemistry are "bulk"

techniques in the sense that they measure all the atoms
within a typical sample (be it a solid, liquid, solution or
gas phase sample).

Surface Analysis:
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What concentration of A in parts per million 
(ppm) ??

• Conc. Of A in ppm = 
10 ppm (assuming 
bulk analysis)

• By contrast, a surface 
sensitivity = (10x10-6/1)

IA / IB >> 10-5

(where IA is the signal due 
to component A etc. ) 

vSurface sensitive technique:
Is more sensitive to those atoms which are located near the
surface than it is to atoms in the bulk which are well away from
the surface (i.e. the main part of the signal comes from the
surface region).
vA truly surface specific technique:
Should only give signals due to atoms in the surface region -
but that, of course, rather depends how the "surface region" is
defined !
Electron spectroscopic techniques such as XPS are not
completely surface specific (although you will occasionally find
this expression being used) in that whilst most of the signal
comes from within a few atomic layers of the surface, a small
part of the signal comes from much deeper into the solid - they
are best described as being surface sensitive techniques.

١٢
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How can we demonstrate that 
XPS is surface sensitive ?

• Depositing material A by evaporation onto a
substrate of material B.

A

B

The XPS signals
due to the substrate
(material B) are
rapidly attenuated,
whilst those due to
the condensed
evaporant (material
A) simultaneously
increase to a
limiting value.

١٤

Why is the XPS technique 
surface sensitive ?

The surface sensitivity arise from the emission and
detection of the photoemitted electrons.
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Are all electrons emitted detected?
Only those photoelectrons possessing
characteristic emission energies and contributing
to the peaks and that we consider in the
subsequent analysis.
There are two things which would therefore prevent an
emitted electron from being detected:
• If it were "captured" before reaching the surface,

or emitted in the wrong direction and never
reached the surface.

• If it lost energy before reaching the surface, i.e. if
it escaped from the solid and reached the
detector, but with E < Eo.

١٦

Inelastic Scattering
The process by which an electron can lose energy as it 
travels through the solid. Each inelastic scattering event 
leads to:

• a reduction in the electron energy. 
• a change in the direction of travel.

Orange arrows are 
Elas. With initial E0
(detected)
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• Clearly if the source atom is closer to the surface,
then a greater fraction of the emitted electrons
would be detected since :

• The detector would subtend a یقابل  greater (solid)
angle at the emitting atom (this is actually not a
significant factor in real experiments).

• For an electron emitted towards the surface, there
would be less chance of inelastic scattering before
it escaped from the solid.

١٧

١٨

Inelastic Mean Free Path (IMFP) of 
electrons

The IMFP is a measure of the average distance
traveled by an electron through a solid before it is
inelastically scattered; it is dependent upon
1- The initial kinetic energy of the electron.
2- The nature of the solid (but most elements show

very similar IMFP v's energy relationships).
• P(d) = exp ( - d / λ ) (λ= f (E)
• λ is the IMFP which relates to the movement of

electrons in the solid.
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١٩

Probability of detection of the emitting atom
  

Clearly, P(d2 ) < P(d1 ) 

Graphical illustration of  functional form of P(d)

٢٠

the probability of escape decays very rapidly and is 
essentially zero for a distance d > 5 λ
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,  λ2 ,  λ1= d:What is the probablility of escape when
3 λ ? 

How big is the IMFP of typical electrons within 
a solid such as a metal ?

٢٢

This called "universal curve" for the variation of the IMFP with initial
electron energy (in eV ) - accurate for most metals and some other
classes of solids.
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How can we use knowledge of the IMFP to 
calculate the thickness of surface films ?

٢٣

We can now consider a situation where a substrate (or
thick film) of one material, B , is covered by a thin film of a
different material, A .

The XPS signal from the underlying substrate will
be attenuated (i.e. reduced in intensity) due to
inelastic scattering of some of the photoelectrons
as they traverse through the layer of material A.
Probability of such scattering for any single
photoelectron passing through this layer is given
by:

P = exp ( - t / λ)

where : t is the thickness of the layer of material A .

٢٤
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It follows that the overall intensity of a XPS signal
arising from B is reduced by this same factor, i.e. if
the intensity of this signal in the absence of any
covering layer is Io then the intensity I in the
presence of the overlayer is given by :

I = Io exp ( - t / λ )
It also follows that it is possible to estimate the
thickness of a deposited layer (using the above
equation), provided the reduction in the substrate
signal is known (i.e. if spectra are acquired before
and after deposition of the covering film).

٢٥

How it might be possible to increase the surface
sensitivity when analyzing a particular substrate.

1.Varying the X-ray radiation so that we can adjust the
photon energy, hν, to give us the desired kinetic
energy for the photoemitted electrons.

2. A much more generally useful approach is to collect
photoelectrons at a more grazing emission angle.

٢٦
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• Electrons have to travel a distance, d , which is
less than 1λ through the solid, all these atoms
are located within a smaller distance, x , from
the surface where

x = d cos θ
So as the emission angle (θ) is increased, cos θ

decreases, the analyzed region becomes more
surface localized and the surface sensitivity is
increased.

•

٢٧

One example of how this effect can be put to good use is in
the study (and diagnosis) of surface segregation.

٢٨

A random alloy of 10% of element A in element B, with no
segregation تمییز  (lower blue curve) and with surface segregation of
A to give a surface monolayer of pure element A (upper red curve)
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General Technique in surface spectroscopy
• The solid sample is irradiated with a primary beam made up

of photons, electrons or neutral molecules.
• This impact on a solid surface and results in formation of a

secondary beam also consisting of photons, electrons,
molecules or ions form the solid surface.

• The type of particle making up the primary beam is not
necessarily the same as the particle of secondary beam.

• The secondary beam which results from scattering,
sputtering or emission is studied by a variety of
spectroscopic methods.

Most Effective Surface Methods:
Those in which the primary, the secondary beam or both is
made up of either electrons, ions or molecules and not photons
to ensure the measurement be restricted to surface not the
bulk.

Examples:
• Maximum penetration depth of abeam of 1-keV

electrons or ions is 25 Αo. Whereas the penetration
depth of a photon beam of the same energy is about
104 Αo.

• Precautions must be taken in case of using beams
of photons (X-Ray, FL, Raman, IR reflection
spectroscopy).

• Studying surfaces by these methods is possible but
bulk inreferences must be avoided.

• Surface Spectroscopic Methods
• Classified according to the nature of the primary and

secondary beams.
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Sampling Surfaces
Three types of sampling methods are employed regardless of
the type of spectroscopic surface method being used.
First method:
Involves focusing the primary beam on a single small area of
the sample and observing the secondary beam.
Second method:
Mapping the surface in which a region of the surface is
scanned by moving the primary beam across the surface in a
raster pattern of measured increments (linear or two
dimensional mapping).
Third method:
Depth profiling in which a beam of ions from an ion gun is used
to etch a hole in the surface by sputtering. A finer primary beam
is used to produce a secondary beam from the center of the
hole.
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Surface Contamination
• Contamination of surfaces (by adsorption of some

atmospheric components: water oxygen and CO2) is
a problem in analysis.

• Even in vacuum these contaminations occurs in a
relatively short time.

For example:
vAt P of 10-6 torr, a clean surface will become

covered by a monolayer of gas molecules in just 3
s.
vAt P of 10-8 torr coverage occurs in about 1 hr.
vAt P of 10-10 torr, 10 hr is required.
vProvision تقدیم must often be made to clean the

sample surface, in the chamber used for the
irradiating the sample.

Cleaning Methods:
Baking the sample at high temperature, sputtering
the sample with a beam of inert gas ions from an
electron gun, mechanical scraping or polishing the
surface with an abrasive, ultrasonic washing with
various solvents and bathing the sample in
reducing P to remove oxides.
Other Contaminations:
The primary beam itself can alter the surface as a
measurement progresses, damage occurs that
depends on the momentum of the primary beam
particles.

٣٤
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Electron Spectroscopy

• XPS, AES and UPS methods are based on
analysis of emitted electrons produced by
various incident beams.

• The signal from the analyte consists of a beam
consists of a beam of electrons rather than
photons.

• Determination is of the power of the electrons
beam as a function of E (hν ) or frequency.

• Studying needs high resolution spectral
measurements of electrons .

• Used to study surfaces.

Types of Electron Spectroscopy:
1- Photoelectron Spectroscopy (XPS) or electron

spectroscopy for chemical analysis (ESCA) :
Sample surface irradiated with monochromatic X-

radiation.
2- Auger electron spectroscopy (AES).
Excitation occurs by a beam of electrons.
3- Ultraviolet Photoelectron Spectroscopy (UPS).
A monochromatic beam of UV causes ejection of

electrons from the analyte (not common).

٣٦
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• Electron spectroscopy is a powerful tool for the identification
of all the elements in the periodic table except H and He.

• The method permits determination of the oxidation state of an
element and the type of species to which it is bonded.

• The technique provides useful information about the
electronic structure of molecules.

• Applied to gases and solids and to solutions and liquids.
• Restricted to surface layer of a few atomic layers thick (20 to

50 Ao) because of poor penetrating power of electrons.
• Composition of layers is different from average composition

of entire sample.
Valuable Current Applications:
ü Qualitative analysis of solid surfaces such as metal alloys,

semiconductors, and heterogeneous catalysis.
ü Limited applications of quantitative analysis.


