
Contents of the Unit Cell

- diffraction pattern of a crystal- in terms of reciprocal lattice
( ) ( ) [ ( )* ( )]Tf crystal Tf motif Tf infinite lattice Tf shape function  ( ) ( ) [ (  )* (  )]

- motif (contents of the unit cell)
Tf crystal Tf motif Tf infinite lattice Tf shape function= i

  envolop that of the finite crystal lattice
  intensity determined by the diffraction pattern of motif
- intensities of all the diffraction maxima
  inverse Fourier transform→
  parameters pertaining molecules within unit cell 
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Scattering of X-ray by a Single Electron

- interaction of X-rays with an electron
Thomson scattering vs Compton scattering  Thomson scattering vs. Compton scattering

- Thomson scattering (coherent scattering)
i f l i   assumption- free electron, passive response
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Scattering of X-ray by a Single Electron

- Compton scattering
   a definite set of waves with wavelength rather longer
     than that of the incident wave
   collision between an electron and a photon

particle particle collision   particle-particle collision
   no well defined phase relationship

i h i
No discrete diffraction effects result from Com

   incoherent scattering
   pton Scattering
   (overall background scattering)



Scattering of X-ray by a Distribution of Electrons
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Scattering of X-ray by a Distribution of Electrons
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Scattering of X-ray by a Distribution of Electrons

- electron density function ( )rρ
G
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Diffraction Pattern of the Motif

- within a single unit cell

l d i f i ( ) i i f f h
G

  electron density function ( )  position of atoms from the
   electron density maxima bond lengths, bond angles
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Diffraction Pattern of the Motif

�- triclinic system, a a,  b b,  c c 
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Diffraction Pattern of the Motif

- amplitude of the diffraction pattern of the contents of
   the unit cell 
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Diffraction Pattern of the Motif

- for a single particular maximum corresponding to the
   reciprocal lattice point  hkl
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Calculation of the Electron Density Function
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Fourier Synthesis

l t d it f t i l bielectron density map of protein myoglobin



Electron Density Projections
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Electron Density Projections

nickel phthalocyanine



Calculation of Structure Factor
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Calculation of Structure Factor
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Calculation of Structure Factor
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Calculation of Structure Factor
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Atomic Scattering Factor
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Crystal Symmetry and X-ray Diffraction

f l f diff i- symmetry of crystal symmetry of diffraction pattern
  230 space group
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Friedel’s Law
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- magnitude of the structure factor of centrosymmetrically
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   related reciprocal lattice points are equal
- intensity of the diffraction maxima corresponding to y p g
   centrosymmetrically related reciprocal lattice points are equal
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- Friedel's law was proved on a perfectly general basis and 
  its significance is that the X-ray diffraction picture in
  general are centrosymmetric whether or not the crystal has an 
  inversion center

- observation of the symmetry of the diffraction pattern in general
ll id if i l d i b  allows to identify mirror planes and proper rotation axes, but 

  inversion centers and improper rotation axes.
  



Systematic Absence
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Reciprocal lattice
b- cubic I a b c= =

90oα β γ= = =
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Determination of Crystal Symmetry

- 230 space group
- M J Buerger: 122 different diffraction pattern types M.J. Buerger: 122 different diffraction pattern types
- what symmetry information can be derived from the symmetry

f X h t h?     of an X-ray photograph?
    - systematic absence lattice type→
    - 11 out of 32 point group-centrosymmetric (Laue group)
    - as many as necessary for the systematic absence (glide, screw)
      (diffraction symbol)
- 58 uniquely define a single space group 58 uniquely define a single space group
  64 ambiguity as to space group
  



Determination of Crystal Symmetry

- of all the symmetry operations, the only one about which 
d i i f i i h b    we can derive no information is the presence or absence

    of an inversion center
  (i) breakdown of Friedel's law
  (ii) piezoelectric effect( ) p
  (iii) pyroelectric effect

(iv) optical activity  (iv) optical activity


