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Structure	  Determina%on	  using	  Light:	  Diffrac%on	  at	  a	  Single	  Slit	  

screen	  
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θλ sing=

Diffrac%on	  at	  a	  gra%ng	  

screen	  
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θ

λ	


g 

θλ sing=

Theorem	  of	  Babinet	  

Example:	  

λ	  =	  0.63	  µm 
θ	  	  =	  10o	  

g	  =	  3.6	  µm 

screen	  Complementary	  objects	  yield	  the	  same	  diffrac%on	  pa4ern	  
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θ

λ	


g 

θλ sing=

Transi%on	  to	  x-‐rays	  

Example:	  

λ	  =	  0.1	  nm 
θ	  	  =	  10o	  

g	  =	  0.6	  nm 

Scale	  reducDon	  of	  1/6000	  

Interatomic	  spacings	  

detector	  
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θ

d 

θλ sin2d=

X-‐ray	  diffrac%on	  

Example:	  

λ	  =	  0.1	  nm 
θ	  	  =	  10o	  

g	  =	  0.6	  nm Interatomic	  spacings	  

Bragg	  equaDon	  

detector	  

λ	
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Diffraction 
pattern Spatially 

extended 
coherent beam 

Array	  of	  scaMerers  A(x) 

PosiDon x 
Momentum	  transfer q 

Intensity	  |A(q)|2 

RelaDon	  between A(x) and A(q): 

0kkq


−= momentum	  transfer	  

k

0k


q

dxexAqA xqi∫= )()(

Task:	  Determine	  	  A(x)	  	  from	  measured	  	  |A(q)|2 

Problem:	  Eq.	  (1)	  cannot	  be	  simply	  inverted,	  because	  the	  phase	  is	  lost	  
(Phase	  problem	  of	  crystallography)	  

(1)	  

Principles	  of	  structure	  determina%on	  



Ralf Röhlsberger  | Essentials of X-ray Physics | PIER Graduate Week 2014 |  Page 8 

Max	  von	  Laue	  
(1879	  –	  1960)	  

X-‐ray	  Diffrac%on	  from	  Crystalline	  Structures	  

Today:	  X-‐ray	  diffrac%on	  of	  synchrotron	  radia%on	  for	  structure	  determina%on	  

Apparently,	  x-‐rays	  are	  preferenDally	  scaMered	  
in	  parDcular	  direcDons	  

First	  diffracDon	  paMerns	  obtained	  by	  Max	  v.	  Laue	  
in	  1912	  
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Structure Determination of Proteins 
Diffrac%on	  pa4ern	  

Protein	  crystal:	  
Lysozyme	  
(enzyme	  from	  
egg	  white)	  

X-‐rays	  

Carbon:	  Grey	  
Nitrogen:	  Blue	  
Oxygen:	  Red	  
Sulphur:	  Yellow	  
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Structure	  determina%on	  of	  Proteins:	  Instrumenta%on	  
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The Proteasome 

(cuts proteins into peptides and 
amino acids) 

Electron micrograph 

Molecular structure 

The 30S subunit of the ecoli ribosome 

The Ribosome  

(synthesis of proteins) 
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Very	  Large	  Biomolecules	  (e.g.	  Viruses)	  

J.M.	  Grimes	  et	  al.,	  Nature	  395,	  470-‐478	  (1998)	  

Example:	  Blue	  Tongue	  Virus	  
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Materials Science: Grain Structure of Metals and Alloys 

How	  does	  the	  microstructure	  of	  a	  material	  
change	  upon	  mechanical	  load	  and	  deformaDons	  ?	  

H.	  F.	  Poulsen	  et	  al.,	  J.	  Appl.	  Cryst.	  34,	  751	  (2001)	  

5 µm 3D	  X-‐ray	  diffrac%on	  microscopy	  

Grain	  properDes	  to	  be	  determined:	  posiDon,	  
morphology,	  orientaDon,	  deformaDon,	  composiDon	  
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The	  phase	  problem	  of	  crystallography	  

Crystallized	  
molecules	  

DiffracDon	  
paMern	  

Electron	  density	  of	  
the	  molecule	  

Why	  don’t	  we	  take	  a	  lens	  to	  obtain	  an	  image	  ?	  
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Fouriertransforma%on	  (FT)	  with	  a	  lens	  

Object	   Fourierplane	  

A	  lens	  focusses	  parallel	  rays	  from	  an	  object	  in	  
the	  focal	  plane	  on	  a	  point	  in	  the	  Fourier	  plane	  

ϕ	


x	  

=	  FouriertransformaDon	  of	  the	  object	  
à	  Mapping	  of	  angle ϕ	  to	  coordinate	  x	  

Object	  in	  the	  focal	  plane	  
à	  FT(Object)	  in	  the	  Fourierplane	  
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Object	  
Image	  

FT(Object)	  

Fouriertransforma%on	  with	  a	  lens	  

FT-‐1(FT(Object))	  Lens	  replacing	  
the	  screen	  

Can	  we	  apply	  this	  for	  x-‐rays	  ?	  
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Index	  of	  refrac%on	  

X-‐ray	  reflec%on	  from	  surfaces	  

electron	  density	  

For	  x-‐rays,	  every	  medium	  is	  op%cally	  thinner	  than	  vacuum	  !	  
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X-‐ray	  Lenses	  

n	  <	  1	  	  	  à	  	  	  Concave	  lenses	  are	  focussing:	  n =1−δ

f = R
2δ N

Focal	  length	  :	  

N	  lenses	  

Source:	  www.xray-‐lens.de	  	  

Θ ≈ a few mrad

Numerical	  aperture	  	   NA= nsinΘ

Resolu%on	  	   d = λ
2 NA
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X-‐ray	  reflec%on	  from	  surfaces	  

CriDcal	  angle	  of	  total	  
reflecDon	  

For	  x-‐rays,	  every	  medium	  is	  opDcally	  thinner	  than	  vacuum	  !	  

For	  angles ϕ < ϕc   the	  
penetraDon	  depth	  of	  hard	  x-‐
rays	  is	  only	  a	  few	  nm.	  
X-‐rays	  can	  be	  used	  for	  the	  study	  of	  
structures	  at	  surfaces	  	  

X-‐rays	  incident	  on	  a	  surface	  below	  the	  criDcal	  
angle	  are	  totally	  reflected	   ϕ	


Si	  
Pd	  

ϕc,Si ϕc,Pd 
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E	  =	  14.4	  keV	  

X-‐ray	  Grazing	  Incidence	  and	  Penetra%on	  Depth	  


