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OUTLINE

 An Introduction to PIXE
e \WWhat we can do with It

e What we can’t do with it
e PIXE vs XRF
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General Remark

* As with all academic disciplines, we have
come up with our own language and often
forget that everyone doesn’t speak this

language. When | forget this, please stop
me and ask guestions.




What is PIXE?

 PIXE stands for Particle Induced X-ray
Emission or in our case, Proton Induced
X-ray Emission, Is a non destructive
method of elemental analysis.

e |tis not, PIXIE which is

1. a fairy or sprite, esp. a mischievous one
2. asmall, pert, or mischievous person

(from http://dictionary.reference.com/browse/pixie)



http://dictionary.reference.com/browse/pixie
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What is PIXE?

« “Particle Induced” refers to the energy
source which causes the X-ray Emission
form the sample under study. In our case,
we use an accelerated proton beam.

 The Proton is the positively charged
nucleus of the Hydrogen Atom.

 An X-Ray Is electromagnetic radiation
(light) of a certain energy range.
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Protons, Electrons and other
friendly particles. |

« All of the matter around is made up of atoms consisting
of a nucleus of protons and neutrons surrounded by
electrons. Each element has different number of protons
(electrons) which is also called atomic number.

Hydrogen Helium Lithium

Induced X-Ray Emission N
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Periodic Table

' Periodic Table of the Elements He
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What are X-Ray’s?

« A form type Electromagnetic radiation just like

light.

The Electromagnetic Spectrum

| kgTp -The thermal energy at room temperature
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* .
. . . lllustration from Opensource Handbook
Particle Induced Emission Nanoscience and Nanoechnology u




Moseley’s Law

 Henry Moseley (1913)
— studied X-rays
given off by a variety
of materials

* Discovered the
relationship between
atomic number and
the frequency of the =
X-rays given off

THE HIGH FREQUENCY SPECTRA OF THE ELEMENTS
By H. G. J. Moseley, M. A., Phil. Mag. (1913), p. 1024



The origin of X-Rays .,

Atom Glass filled with Marbles
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Particle Induced Emission
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The origin of X-Rays .,

If we somehow remove one
of the marbles at the bottom,

the one’s above will fall
releasing some energy.




The same thing happens if we
remove an inner shell electron

=

X-ray S

The origin of X-Rays .,

If we somehow remove one
of the marbles at the bottom,

the one’s above will fall
releasing some energy.




Some X Ray Nomenclature

e A bit more complicated
because the electrons can |
skip levels. i,

most often referred to by a ';;u...g.iiif_;;;__:jf_::f,_n:.z__.
letter rather than the A
principle quantum number T A
(n=1is the K shell, n=2 is DA S
the L shell, etc.) ’

« Transitions are labeled K,
K, €tc. as shown. S

The orbits (or shells) are Aol e
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 Particle Induced X-Ray Emission

— An energetic particle, in our case an
accelerated proton, interacts with an atom
within a sample and removes an inner shell
electron from its orbit. The atom then emits
an X-ray as an electron from a higher orbit
moves in to fill the vacancy.

e Each Element has different electron orbits
and hence emits different energy X-rays.
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Information from X-rays

«Just like our eyes take photons from
the visible part of the electromagnetic
spectrum and convert the different

energies into different colors. We
use a detector to differentiate one X- 1
ray from the next.

*With the help of the computer, we o |
measure a large number of photons
and display the result in a histogram
with the x-axis being the energy of
the x rays.

4 &5 1 7 8 9 10 11 keV



What PIXE can tell us

 We can identify elements heavier than Al
present in a localized position on the
surface of a sample.

e Concentrations on the order of a percent

are relatively easy to find depending on
the other elements present.




What PIXE can’t tell us

Elements lighter than Al will not be
detected with our current setup.

The significance or origin of the elements
detected.

Bulk composition, especially if the material
IS highly iInhomogeneous.

Isotopic composition.
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XRF

* A similar technique Is X-Ray Fluorescence
which uses the same principles but uses
X-rays to excite the sample instead of
particles.

« Advantages include not needing an
accelerator lab, 1.e. costs and portability.

* Disadvantages include higher background,
typically less spatial sensitivity.
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DV-CSR Data (Preliminary)
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Future Talks

* During future talks we will look at the data
more carefully and examine the process
and challenges of determining
concentrations.
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