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X-Ray   Crystallography
“If a picture is worth a thousand words, then a macromolecular 

structure is priceless to a physical biochemist.” – van Holde

Questions:

1. How is an image formed?  What is the difference between images by Kodak / Light 
Microscope / EM / X-ray / NMR ?

2. What is a Crystal? How are they obtained?   Materials  / Methods

3. What is a Crystal Lattice? - Lattice Constants / Space Groups / Asymmetric Unit

4. What are X-rays?  How are they produced?

5. What is the Bragg Equation?  What can we learn from it?

6. What do we measure experimentally?  How?

7. Phase Problem:  What is the “phase” part and what is the “magnitude” part?

8. How do we “solve” the phase problem?  What does “solving” it get us?

9. How is a protein “model” obtained?

10. How do I read a “crystallographic ” paper?

11. What tools are available to help me understand protein structures?

X-ray tubes:    the “sealed” tube
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Characteristic X-rays arise from electronic transitions
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X-ray Sources:    Beyond X-ray tubes
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Diffraction:  Scattering from “atoms”
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PQ + QR =  ?

n?= 2 d sin(?)

Bragg Equation

Crystals:  Scattering from “planes”

Figure 2.7. Unit cell showing bounding planes and edges.

Bragg Planes

Figure 2.5. Three families of lattice ”planes" in a two-dimensional 
lattice.
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Figure 2.11. Planes in direct space represented by points in reciprocal space.
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Electron Density Function

Measure thousands of Amplitudes - [Fhkl ]‘s  - ??  How do we obtain Phases αhkl ??

Phase Problem
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Representation of the electron density of a one-dimensional "crystal" by a superposition of waves. The 
crystal is formed by a periodic repetition of a diatomic molecule, as shown at the top of the right-hand 
column. The component waves, each with proper phase and amplitude, are on the left. The curves on the 
right show the successive superposition of the five waves on the left. (From Waser, 1968.)

Representation of another one-dimensional crystal, this one containing a triatomic
molecule. Note that this crystal is built up from the same waves as the crystal of (a) ; 
only the amplitudes and phases have been changed. (From Waser, 1968.)

Increasing 
Res.

The structure factor magnitude F(hk/) is represented by the length of a vector in the 
complex plane.

The phase angle α(hk/) is given by the angle. measured counterclockwise, 
between the positive real axis and the vector F.

The structure factor for a reflection may be thought of as the vector sum of the x-ray scattering 
contributions from many atoms.

Each of the j contributions may be represented as a vector in the complex plane, with amplitude fj and 
phase phij.

F(hkl) = SQRT [cI(hkl)]
Experimental

Calculated


