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Diffraction
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 Definition (from “Cambridge Advanced Learner’s Dictionary”):
o diffraction noun [U] SPECIALIZED

(a pattern caused by) a change in the direction of light, water or sound 
waves

o diffract verb [T] 
to separate light into coloured strips or into light and dark strips 

 Definition (from “Merriam Webster’s Dictionary”):
o Main Entry: dif·frac·tion; Function: noun

Etymology: New Latin diffraction-, diffractio, from Latin diffringere to break 
apart, from dis- + frangere to break 

o A modification which light undergoes in passing by the edges of opaque 
bodies or through narrow slits or in being reflected from ruled surfaces and 
in which the rays appear to be deflected and to produce fringes of parallel 
light and dark or colored bands; also : a similar modification of other waves 
(as sound waves) 
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X-ray diffraction
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 “Scattering of X-rays by the atoms of a crystal that 
produces an interference effect so that the diffraction 
pattern gives information on the structure of the crystal 
or the identity of a crystalline substance” (Webster’s) 
o remember that both light and X-rays are electromagnetic 

radiation – the only difference lies in the wavelength!

 X-ray diffraction can be envisioned as an equivalent 
process to what happens when you shine light through a 
grating
o formulism obeys the same laws derived for the “slit 

experiments” 
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Diffraction of light by slits
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“Crystal Structure Analysis for 
Chemists and Biologists”, Glusker, 

Lewis and Rossi, VCH, 1994.  Incoming light is a plane wave
 Slit apertures result in an outgoing spherical wave
 Interference determines the diffraction pattern



Diffraction of light by masks
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“Crystal Structure Analysis for 
Chemists and Biologists”, Glusker, 

Lewis and Rossi, VCH, 1994. 
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Diffraction – Discovery Slide
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Diffraction Intensities – VSEPR Slide



Diffraction by unit cell arrays
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Institute for Chemical Education, 

“Optical Transform Kit”

Figure 2 (left). Some two-dimensional unit 
cells. (a)centered 2x2 pixel square; (b)2x2 
pixel square; (c)3x3 pixel square with two 
different spot sizes; (d)3x3 pixel square; 
(e)2x4 pixel rectangle; (f) monoclinic, 2x4 
pixel with ~63º angle; (g) 4x5 pixel 
rectangle with glide; (h)hexagonal array, 
equivalent to a 5.28x5.28 pixel with 60º 
angle( actual size is 22x22 pixels in a 300 
in-1 grid). Beside each array is a unit cell 
(see text). For ease of viewing, these 
portions of the masks are considerably 
expanded from the actual masks (see text 
for true size).

Figure 3 (right). Diffraction patterns 
corresponding to the arrays in Figure 2a-h. 
The patterns were obtained with a 5mW, 
670-nm diode laser.



Waves
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Wave equations

1 0

 A wave can be described by a cosine function
 amplitude is position dependent (x)
 amplitude is time dependent (t)

⇒ A = cos (kx-ωt)

 Two parallel waves will interact with each other
 called interference
 constructive interference if waves are in phase
 destructive interference if waves are exactly out of phase

 The interaction between waves can be envisioned by 
addition of their wave equations

2 0 2 3 - 2 0 2 4



Adding wave functions

1 12 0 2 3 - 2 0 2 4

“Crystal Structure Analysis for 
Chemists and Biologists”, Glusker, 

Lewis and Rossi, VCH, 1994. 



Vector description
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 How do we add two cosine functions 
with different frequencies and 
phases? 
o Point-by-point (or graphical) 

addition possible, but time 
consuming

 It is convenient to describe a wave 
by a vector moving on a circle
o We know how to do math with 

vectors!
o F = |F|·(cos(αt) + i·sin(αt)) = |F|·eiαt

“Crystal Structure Analysis for 
Chemists and Biologists”, Glusker, 

Lewis and Rossi, VCH, 1994. 



Interference

1 3

 For waves with the same frequency and amplitude, we 
see constructive interference when two waves have a 
phase difference of nλ, where (n ∈ ℤ)
o called “in phase”

 Destructive interference is observed for a phase 
difference of (n + ½)λ, where (n ∈ ℤ)
o called “out of phase”

 A phase difference can result from a path difference
o happens in the slit experiments
o the same thing happens when X-rays are diffracted by a 

crystal

2 0 2 3 - 2 0 2 4
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Laue equations
 In 1912, Max von Laue realized that the path 

differences PD1, PD2 and PD3 for waves diffracted by 

atoms separated by one unit cell translation have to be 

a multiple of the diffraction wavelength for 

constructive interference

o PD1 = h λ, PD2 = k λ, PD3 = l λ

o h, k, l ∈ ℤ

 He showed that these three conditions have to be 

fulfilled simultaneously



Bragg’s law - 1913

1 52 0 2 3 - 2 0 2 4

 Reflection of X-rays from 
parallel lattice planes
o families of planes have equal 

spacing

 Constructive interference 
when PD = nλ

 The Laue equations can be 
rewritten as 2dhklsinθhkl = nλ

“Crystal Structure Analysis for 
Chemists and Biologists”, Glusker, 

Lewis and Rossi, VCH, 1994. 
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Equivalence of Bragg and Laue formulations

“Crystal Structure Analysis for 
Chemists and Biologists”, Glusker, 
Lewis and Rossi, VCH, 1994. 
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Indexing of lattice planes

 In contrast to face indexing, the absolute values of h, k and l 
matter when describing lattice planes
 there are twice as many 200 planes as 100 planes

 Plane spacing is described by dhkl

 d100 = 2d200

“Elements of X-ray Diffraction”, 
Cullity and Stock, Prentice Hall 
College Div., 3rd edition, 2001. 



1 8

 Any lattice plane can be described by its intersection 

points with the three-unit cell axes

 Miller indices are the reciprocal of the intercepts
o integers h, k and l refer to reciprocals of intercepts on a, b and c 

 Identify planes adjacent to origin
o planes through the origin cannot be described, as the intercept 

would be zero

 A plane running parallel to an axis has an intercept of ∞, 

this corresponds to a Miller index of 0

2 0 2 3 - 2 0 2 4

Miller indices
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Examples of lattice planes

 Any lattice plane can be described by three integers 
called Miller indices h, k and l

0
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2
3
4
5
6
7
8
9

10

0 2 4 6 8 10
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Some examples of Miller indices
“Elements of X-ray Diffraction”, Cullity

and Stock, Prentice Hall College Div., 3rd 
edition, 2001. 
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