Structural Analysis
Part Ill - X-ray tools

Session 3

X-ray scattering and diffraction



Intermezzo: Fourier Transform
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Alternative approach: Fourier Transform (Infrared) Spectrometer)

Not a dispersive measurement but based on interferometry

Use all wavelength at the same time

Manipulation in x - cm (real space) to get information in wave numbers x* —cm- (frequencies)

Measure interferogram, Fourier transform into spectrum
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Measuring an interferogram .
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Prof. Emsley part of this class, 5 weeks ago!
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W, T =7/2 H

o = carrier frequency,
chosen by the operator to be
near to the resonance frequencies

A Mz
A Bo

—— —

® @

Pulsed FTNMR Spectroscopy
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what does the signal actually look like?

1. Equilibrium. The net
magnetization is aligned
along the direction of the
main field (z-axis).

o

2. A field is applied in the
transverse plane. The
magnetization of the
ensemble precesses around

the field.

3. The field is removed
leaving a net transverse
component of the ensemble
magnetization. This coherence
then starts to precess around
the main field.




Principle idea ?




Mathematical description
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* The principle idea of the Fourier analysis [)transformatior) is that any function can be represented
by an ginfinite)!series of harmonic functions.

* The Fourier transform decomposes a function into its constituent frequencies.
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Thus we can write

provided that | J=l

Hecht chapter 11 7
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Fourier transform of round aperture and airy pattern

Experiment: Diffraction pattern of circular Theory: Fourier transform of cylinder
aperture, Airy pattern or “top-hat” function
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Diffraction as Fourier transform:
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The double slit

d > x=x/d = tan(@) = sin() = sin(a')
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Fourier relationships — some examples
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From Session 1
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Thomson scattering from a single electron
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Atomic scattering factors and refractive index
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Scattering from an electron cloud
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Now full cross section / atomic scattering factors

(a) (b)

1= — 5keV
X 10
i 20
10| — 4
o b
I | hv
OO_HIO{.i2]I1014IHO{6IHOf8Hl1
sin 0/A [A]
. (5 L]
P Joue Jocln of i [ Q ineeers | volivms oAty
2y 2 i e A Lovecbo pr et pher
‘ \ Cd N o .
= e gy |y 70 el o] O

=) FoSalehb ] K 18



A

| (@) (b) (©)
LAtﬁic scattering factors again}
o %

20 {F L ) I L S 7 ) I ) O LB I Z1 22>Z1

(d)

10
B 1
— &
[ f, °

0
i T v/
’ L n?
lllll 1 1 lllllll 1 1 lllllll 1
100 1000 10000
Photon energy [eV]
-—




From Session 2

20



The Nobel Prize in Physics 1915
Bragg scattering

Bragg
A=2dsin6

hi archive

arcnive. e
Sir William Henry William Lawrence
Bragg Bragg
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Characteristic signals from different — chemically identical — samples

Si02 Glass

4000 Quartz

Cristobalite

20 30 40 50
Position [°2Theta] (Copper (Cu))
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Lattice planes

Bragg
A=2dsin0
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Find the intercepts of the plane with the respective crystal axis
Take the reciprocal of these numbers, reduce to smallest integer
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- Find the intercepts of the plane with the respective crystal axis
- Take the reciprocal of these numbers, reduce to smallest integer
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Exercise: ldentify lattice planes




More on diffraction of single crystals
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For each lattice a reciprocal lattice can be defined
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The Nobel Prize in Physics 1914

Bargg and Laue conditions
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(a) Equivalence of Bragg and Laue

Bragg ) Laue )
A=2dsin6 Q=G

@
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Real Reciprocal

(b) Miller indices and reciprocal lattice vectors
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A Laue diffraction experiment
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A diffraction experiment
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A diffraction experiment
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A diffraction experiment
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A diffraction experiment
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Laue method

\
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Detector




The end

36



