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What is a crystal?

ÅAtoms (molecules) pack 

together in a regular pattern to 

form a crystal.

ÅPeriodicity: we superimpose 

(mentally) on the crystal 

structure a repeating lattice or 

unit cell.

ÅA lattice is a regular array of 

geometrical points each of 

which has the same 

environment.Unit cells of oxalic acid dihydrate

Quartz crystals
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²Ƙȅ ŘƻƴΩǘ ǘƘŜ ·-rays scatter in all directions?
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X-ray precession photograph

(Georgia Tech, 1978).

ÅX-rays and neutrons have 

wave properties.

ÅA crystal acts as a 

diffraction grating producing 

constructive and destructive 

interference.



The Bragg Equation

2 d sinɗ= nɚ

Reflection from a series of equally spaced planes:
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Laue Equations

Si

Sa

aÅ S

aÅ (-Si)

aÅ S + aÅ (-Si) = aÅ (S ïSi) = hɚ

aÅ (S ïSi) = hɚ

bÅ (S ïSi) = kɚ

cÅ (S ïSi) = lɚ

Scattering from points

In three dimensions Ÿ
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Real and Reciprocal Space

a* Å a = b* Å b = c* Å c = 1

a* Å b= é = 0

Laue equations:

a Å (SoïSi) = hɚ, or a Å s= h

b Å (SoïSi) = kɚ, or b Å s = k

c Å (SoïSi) = lɚ, or c Å s = l

where

s= (SoïSi)/ɚ= ha* + kb* + lc*
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The Ewald Sphere
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Bragg Peak Intensity
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Relative phase shifts 

related to molecular 

structure.
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Two-theta
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ɗ-2ɗStep Scan (1)
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ɗ-2ɗStep Scan (2)
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ɗ-2ɗStep Scan (3)
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Omega Step Scan

Omega

Mosaic 

spread

1. Detector stationary at 

2ɗangle.

2. Crystal is rotated 

about ɗby +/- ɤ.

3. FWHM is the mosaic 

spread.
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U is a rotation matrix relating the unit cell to the 

instrument coordinate system.

The matrix product UB is called the orientation 

matrix.

The Orientation Matrix
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