Diffraction

= A basic understanding of diffraction physics
is required if crystal structure solution and
refinement is to be understood.
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Diffraction and sampling

Optical transforms
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Scattering of X-rays and neutrons
by atoms

= X-rays are scattered electrons in atoms
— the electron cloud is about the same size as the
wavelength of the X-rays
= Neutrons are scattered by nuclei
— nuclei are much smaller than the neutron
wavelength
— for magnetic materials electron spin interacts
with neutron spin and gives scattering

Phase change on scattering
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X-ray scattering by atoms

X-ray and neutron form factor

= The form factor is related to the envelope
function for an atom
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Neutron scattering lengths

TABLE 3.2. Some scattering factors for nentrons and X rays.

Flement  fsolope X rays X rays Neutrons® Neutrons™
sing/x sin 0/x B(107'2 em)  (normalized to
=0 =05/4 -1.00 for 1H)

H 'H Lo 0.07 0.38 - 1.00

“H (=D) 1.0 0.07 0.65 171

Li SLi 3.0 1.0 0.18+0.025  0.7140.066:

Li 30 10 0.25 - 0.66
¢ 1z 6.0 1.7 0.66 174
3¢ 6.0 L7 0.60 1.58
¢} 150 8.0 2.3 0.58 1.53
Fe S1pe 26.0 115 0.42 L11
#Fe 26.0 115 1.01 2.66
STFe 26.0 115 0.23 061
Co Co 27.0 122 0.25 0.66
U sy 92.0 53.0 0.85 2.24

Diffraction from crystals

= A crystal is a three dimensional diffraction
grating

= The lattice periodicity of the crystal
determines the sampling regions of the
diffraction pattern

= The unit cell contents give you the envelope
function

Laue equations

= Laue first mathematically described

diffraction from crystals

— consider X-rays scattered from every atom in
every unit cell in the crystal and how they
interfere with each other

— to get a diffraction spot you must have
constructive interference

— Laue equations:

» PD, = hyA, PD, = h,)A, PD, = h\

Laue and Bragg diffraction

The Bragg equation

= Bragg discovered that you could consider
the diffraction to have arisen from reflection
from lattice planes

= Reformulated Laue equations

— 2dy,4sin6,; = nk

The orientation of lattice planes

- It is possible to describe certain directions and planes
with respect to the crystal lattice using a set of three
integers referred to as Miller Indices
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Miller indices (hkl)

Miller Indices are the
reciprocal intercepts of the
plane on the unit cell axes
Identify plane adjacent to
origin

— can not determine for plane

passing through origin o)

Find intersection of plane on
all three axes
Take reciprocal of intercepts
If plane runs parallel to axis,
intercept is at oo, so Miller
index is 0

Examples of Miller indices

Families of planes

« Miller indices describe the orientation and
spacing of a family of planes

— The spacing between adjacent planes in a
family is referred to as the “d-spacing”

Three different — Note all
families of planes _— (100) planes
d-spacing between are members
(300) planes is one of the (300)
third of the (100) - family
spacing (100} (200} (300)

Diffraction Geometry
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Unit cells and d;,

TABLE 3.1. Obtaining unit cell dinensions feom dus velues

Real space and reciprocal space
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The reciprocal lattice

- Itis convenient when talking about diffraction to use
the concept of a reciprocal lattice

- The reciprocal lattice is related to the real space lattice
by:

a, X a,

b, = 3 =

a,-a,xa, a,-a,xa, a,-a,xa,

+ a,, a,, a; are the vectors of the real space lattice
(alternatively a,b,c) and b,,b,,bs are the vectors of the
reciprocal lattice (alternatively a* b*,c*).

+ Note a,.a,xa; is the unit cell volume

a,xa, b= X%

b =

Properties of the reciprocal
lattice

- Note a;.b=5;;
- Soa;.b, =1, buta;.b,=0anda,.b;=0 etc.
— This is the origin of the term reciprocal lattice.
— The reciprocal lattice and real space lattice are orthonormal
+ Any point on the reciprocal lattice can be specified by
a vector H,; = hb, + kb, + Ib; (hkl are integers)

— This vector is perpendicular to the plane in real space with
Miller indices (hkl)

— The length of this vector Hy,, = 1/dy,, where dy, is the
interplanar spacing in real space

— We get to represent a whole family of planes in real space by
a single point in reciprocal space

The geometrical construction of
the reciprocal lattice
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Geometrical relationship between real and
reciprocal space
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Only in orthogonal axis systems
are the real and reciprocal lattice
vectors parallel
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The Ewald construction

= A crystal at a random orientation in an X-
ray beam will not necessarily give a
diffraction spot

= Ewald construction allows the prediction of
the orientation required for diffraction

— widely used in diffraction books

Ewald sphere




