X-Ray Analysis



X-rays

* Originally discovered by —
Wilhelm Roetgen (1845-
1923) in the nineteenth
century, X-rays have
become one of the most
useful applications of
spectroscopy in both
science and medicine.







X-Ray Spectroscopy

X-ray spectroscopy is a common analytical
technique with a broad range of
applications, particularly in determining
crystal structure and elemental analysis of
solid samples.



Diffraction



Diffraction



X-ray for Analytical Purposes

X-ray for Analytical Purposes generated by:

1. bombardment of metal target by a beam of
high energy electrons

2. exposure of a substance to a primary beam
of X-rays in order to generate a secondary
beam of fluorencent X-rays

3. radioactive source whose decay process
results in X-ray emission



Production of X-rays

The electromagnetic radiation resulting
from inner orbital electron transitions or
deceleration of high-energy electrons is
referred to as X-rays.

X-ray tubes
Radio active materials
Synchrotron source



X-ray Tubes for Analytical
Purposes

"Distribution of continuous radiation from an X-
ray tube with a tungsten target. The numbers
above the curves indicate the accelerating
voltages."

Betative inlensicy




A-ray ror Analytical
Purposes
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X-ray for Analytical Purposes



X-ray for Analytical
Purposes



X-ray Fluorescence
Spectroscopy-

« X-ray fluorescence is a spectroscopic method that is
commonly used for solids in which secondary x-ray
emission Is generated by excitation of a sample with x-
rays. The x-rays eject inner-shell electrons. Outer-
shell electrons take their place and emit photons in the
process. The wavelength of the photons depends on
the energy difference between the outer-shell and
inner-shell electron orbitals. The amount of x-ray
fluorescence is very sample dependent and quatitative
analysis requires calibration with standards that are
similar to the sample matrix.




XRF Instrumentation

» Solid samples are usually powdered and
pressed into a wafer or fused in a borate
glass. The sample is then placed in the
sample chamber of an XRF spectrometer,
and irradiated with a primary X-ray beam.
The X-ray fluorescence is recorded with
either an X-ray detector after wavelength
dispersion or with an energy-dispersive
detector.



X-ray Fluorescence
Spectroscopy- XRF

Incoming
radiation from
x-ray tube or
radivisotope.
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History of Diffraction

William Bragg and his son Lawrence



X-ray Diffraction

* William Bragg and his son Lawrence in 1913-
1914 founded the analysis of crystal structure
by means of X-rays. If the fundamental
discovery of the wave aspect of X-rays, as
evidenced by their diffraction in crystals, was
due to von Laue and his collaborators, it is
equally true that the use of X-rays as an
instrument for the systematic revelation of the
way in which crystals are built was entirely due
to the Braggs.




How Diffraction Works

Double - Slit




Diffraction of X-Rays



Diffraction of X-Rays

R

FIGURE 156 Diffraction of X-rays by a crystal.



Instrument Components



Sources

Cooling water
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IGURE 15-7  Schematic of an X-ray tube.



*Monochromator”



X-ray Monochromator
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FIGURE 122 An X-ray monochromator and detector. Mole
that the angle of the detector with respect 1o the beam (28) is
twice that of the crysial face. For absorphion analysis, the
source is an X-ray lube and the sample is located in the beam
as shown. For emission work, the sampls becomes a
fluorescent source of X-rays as shown in the insert.



Sample Holder



oniometer Head for Single
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Radiation Detector
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Radiation Detector



Radiation Detector



Signal processor
& Readout devices



Automatic Diffractometer
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X-ray Diffraction



|sostructural



T4BLE VII
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Data Sheet for Powder Data
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ASTM Data Base
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Determine Crystal Structure



Single Crystal X-ray Analysis
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Electron Density Data
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Figure 2. Section of electron density map showing Pd and Cl aloms.



Single Crystal X-ray Analysis
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