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Crystallography 

Topics: 

1.  Image Formation  (what we see is not always accurate) 

 Resolution  /  Wavelength (Amplitude, Phase) /  Diffraction & Interference 

 Light Microscopy / EM /  X-ray /  (NMR)  

2.  Protein Data Bank (PDB) 

 Data mining and Protein Structure Analysis Tools 

3. IYCr 2014  -  Celebrating 100 years of X-ray Crystallography 

4. X-Ray Crystallography – practical aspects 

  a) Crystal Growth –  Materials  / Methods  

 c) Crystal Lattices - Lattice Constants / Space Groups / Asymmetric Unit 

 d) X-ray Sources – Sealed Tube / Rotation Anode / Synchrotron 

 e)Theory of Diffraction – Bragg’s Law / Reciprocal Space  

 f) Data Collection – Methods / Detectors / Structure Factors 

 g) Structure Solution – Phase Problem: MIR / MR / MAD 

 h) Refinements and Models  /   Analysis and presentation of results 

Taste: sweet, salty, 

sour, bitter, and 

umami (savory) 

 Smell  

 Hearing 

 Touch: pressure, 

temperature, pain, 

itch  

Sight:  rods / 

cones 

Five common human senses iClicker Question  

Name your favorite sense? 

A)  Taste     B)  Sight    C)  Hearing      D)  Smell     E)  Touch 

“No Highway in the Sky”    (1951) 

“No  Highway  in  the  Sky”  

(1951) -  

                     James 

Stewart &  Marlene Dietrich  
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• Crystallography  - What is it?  

       How does it Work?   Why should I care? 

 Early Years – historical  overview 

 Demonstration of diffraction / image formation 

 Crystals   +   X-rays       record of Nobel Prizes 

• Advances in X-ray crystallography (last 50 years) 

  sources  /  computers  /  detectors 

• Benefits of Crystallography to Society / IYCr 2014 

 Crystallographic  Awareness / Celebration / Training 

 IYCr: Summits (Africa / Asia / Latin America) 

  Crystal growth contests / Exhibits / etc. 

  Crystallography Discovery Kit for teachers & museums 

   symmetry / crystal growth / diffraction  

Crystallography – Worlds of Wonder 

 

Niaca Mine, 

Chihuahua, Mexico 

AMETHYST 

CHALCANTHITE

(CuSO4 5H2O) 

 

IRON  PYRITE (FeS2) 

SMOKY QUARTZ QUARTZ (SiO2) 
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Crystals – (Strabo  ~7 BC; used Greek word krustallos describing quartz crystals) 

 a body that is formed by the solidification of a chemical element, a compound, or a 

mixture and has a regularly repeating internal arrangement of its atoms and often 

external plane faces  

 

 

 

 

 

 

 

 

                                   Asymmetric Unit    Unit Cell        Growing  Crystal 

  

Crystallography  - What is it? 

Sodium Chloride (NaCl) 

    (a.k.a.  Table salt) 

René Just Haüy (1743-

1822) 

X-ray  Crystallography - a 

method used for determining 

the atomic and molecular 

structure of a crystal. 

 

Words Images Words Images 

“a picture is worth a thousand words” 
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• Light Photography 

• Electron Microscopy 

• X-Ray or NMR 

Abbe (~1873):     

Limit Res. ~ wavelength/2 

  ~  400 - 700 nm 

  ~  0.001 - 0.1 nm 

  ~  0.1 nm 

“If a picture is worth a thousand words, then a macromolecular 

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

Image  Formation 

The diffraction limit of a microscope 

is,  
 

 

where d is the resolvable feature 

size, λ is the wavelength of light, n is 

the index of refraction of the 

medium being imaged in, and θ 

(depicted as α in the inscription) is 

the half-angle subtended by the 

optical objective lens. 

d 


2nsin

Memorial to Ernst Abbe  
University of Jena 

Resolution Limit 

 

Secondary school 

named Ernst Abbe 

Gymnasium 

X-rays 

Superman’s   

          X-ray  Vision 
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Abbe (~1873);  Limit Res. ~ wavelength / 2 

Phase  Problem 

To understand the beginnings of X-ray crystallography, one needs to understand 

three key properties of waves – wavelength, diffraction and interference.   

  

Wavelength 

Radio:   100 MHz (300 cm) 

 

Visible light:  600 nm = 6 x 10-5 cm 

 

X-rays:  0.1 nm =  1 x 10-8 cm 

Diffraction 
 

Have you noticed how you can hear someone 

around a corner before you can see them?  Why 

is this? 

To understand the beginnings of X-ray crystallography, one needs to understand 

three key properties of waves – wavelength, diffraction and interference.   

  

Wavelength 

To understand the beginnings of X-ray crystallography, one needs to understand 

three key properties of waves – wavelength, diffraction and interference.   

  

Radio:   100 MHz (300 cm) 

 

Visible light:  600 nm = 6 x 10-5 cm 

 

X-rays:  0.1 nm =  1 x 10-8 cm 
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To understand the beginnings of X-ray crystallography, one needs to understand 

three key properties of waves –  wavelength, diffraction and interference.   

  

Diffraction:  When a wave encounters an obstacle, such as the apparent bending 

of waves around small obstacles and the spreading out of waves past small 

openings.  Diffraction occurs with all waves, including sound waves, water waves, 

and electromagnetic waves such as visible light, X-rays, and radio waves.   

 

Diffraction effects are most pronounced  

for waves where the wavelength is  

roughly  similar to the dimensions of  

the diffracting  objects. 

 

 

  

Interference: Interference is a phenomenon in which two waves superimpose to 

form a resultant wave of greater (constructive interference) or lower 

(destructive interference) amplitude. 

  

 

Young (1801) used a 2-slit experiment to show that light was made of waves instead of particles.  

Von Laue (1912) proposed that the concept could be applied to X-rays using crystals. 

 

Wave Properties:  Diffraction  /  Interference 

Interference:  1D crystal  - 5 identical “objects” with but different spacings (unit cells)  

Diffraction + Interference:  2D  Crystal 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=p21wDYNlgsXXwM&tbnid=A-ViuUBRCF8oUM:&ved=0CAUQjRw&url=http://commons.wikimedia.org/wiki/File:Roentgen-Roehre.png&ei=tppsUsTBLdDQkQfn3YCIAg&bvm=bv.55123115,d.eW0&psig=AFQjCNEaS9iquHJC-iM-UUh9q_15u_3DbA&ust=1382935601842093
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=GKB-e80UifgjNM&tbnid=qUvRwoxCpsNTCM:&ved=0CAUQjRw&url=http://cookit.e2bn.org/historycookbook/23-117-victorians-Health-facts.html&ei=yZdsUtH_B8edkQeVq4GAAg&bvm=bv.55123115,d.eW0&psig=AFQjCNGYFzM3yoTH2iIVRjbXRENi0xORgw&ust=1382934803701389
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Wave Properties:  Diffraction  /  Interference 

Interference:  1D crystal  - 5 identical “objects” with but different spacings (unit cells)  

Diffraction + Interference:  2D  Crystal 

Bragg’s Law  (n = 2d sin ) 

Spacings  of  spots    size  of  unit  cell 

Intensity  of spots     location  of  atoms 

   a b c  

a 
b 

c 

Friedrich & Knipping's 

first  diffraction 

photograph - 1912. 

Optical Transforms (iClicker Question) 

A)  e   f          B)  e  h       C)  h  e        D)  g   f       E)  h  f 

      h  g   f   g        f   g   e  h       e  g 
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Sodium Chloride (NaCl) X-ray  apparatus 

Bragg’s  Law  (n = 2d sin) 

Crystals   +   X-rays      record of Nobel Prizes 

 

Penicillin 

Vitamin B12 

Linus Pauling & Roger Hayward 

//upload.wikimedia.org/wikipedia/commons/9/99/Penicillin_core.svg
//upload.wikimedia.org/wikipedia/commons/6/67/VitaminB12.png
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Hemoglobin  /  

Myoglobin 

Bonding diagram of diborane (B2H6) 

showing with curved lines a pair of 

3-center 2-electron bonds.  

Lipscombite Aspartate 

carbamoyl 

transferase 

Carboxypeptidase A 
Ribosom

e 

http://www.google.com/url?sa=i&source=images&cd=&cad=rja&docid=jmiSXD02d0FXQM&tbnid=Q38rdBL_fDAHxM:&ved=0CAgQjRwwAA&url=http://www.nndb.com/people/601/000100301/&ei=snxsUqH_E6aw2gW4mYDIAg&psig=AFQjCNHGwFszqWATKMv-qcTrcw6WPE88oA&ust=1382927922414061
//upload.wikimedia.org/wikipedia/en/8/8a/Lipscomb_lipscombite_peabody.jpg
//upload.wikimedia.org/wikipedia/commons/d/db/Diborane_02.svg
//upload.wikimedia.org/wikipedia/commons/0/00/Carboxypeptidase-a-pdb-5CPA.png
//upload.wikimedia.org/wikipedia/commons/a/ad/Apartate-carbamoyltransferase-pdb-2ATC.png
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Quasicrystals - ordered crystalline 

materials lacking repeating 

structures, such as this Al-Pd-Mn 

alloy. 

Linus Pauling –  
"There is no such 

thing as quasicrystals, 

only quasi-scientists.” 

Quasicrystals  have low 

thermal and electrical 

conductivity, while 

possessing high structural 

stability – ideal for non-stick 

insulation for electrical wires 

and cooking equipment. 

Decade 1950’s 1960’s 1970’s 1980’s 1990’s 2000’s 

Size  30 

atoms 

<100 

non-H 

atoms 

<200 non-

H atoms 

<400 

non-H 

atoms 

<600 non-

H atoms 

<1000 

non-H 

atoms 

Time / Structure ~ 1year 3-6 

months 

1 month 1 week Few days Few hours 

# Structures <500 ~8300 32,000 95,000 229,000 528,000 

A  Half  Century  of  Advances  in  Small  Molecule  Crystallography 

//upload.wikimedia.org/wikipedia/commons/5/5d/Quasicrystal1.jpg


11 

Michael Rossmann – PDB40 address 

50 Years of Protein Structure Determination 

http://publications.nigms.nih.gov/psi/timeline.html
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Michael Rossmann – PDB40 address 
Michael Rossmann – PDB40 address 

Stephen K. Burley – PDB40 address 

http://www.wwpdb.org/PDB40.html 

Stephen K. Burley – PDB40 address 

http://www.wwpdb.org/PDB40.html
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RCSB Protein Data Bank PDB 

Stephen K. Burley – PDB40 address 

Publish in leading biochemical or structural biology journal 

Contribute results (coordinates, etc.) to PDB 

Data Mining 

Visualization programs (Cn3D / RasMol / SwissPDBV / etc) 

SCOP – Structural Classification of Proteins 

CATH – Classification / Arch / Topology  

Analyze – structure (Ramachandran Plot) and biochemistry 

************************************************** 

http://www.rcsb.org/pdb/home/home.do
http://www.wwpdb.org/index.html
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SCOP Structural Classification of Proteins CATH - Protein Structure Classification 

CATH is a novel hierarchical classification of protein domain 

structures, which clusters proteins at four major levels: Class 

(C), Architecture (A), Topology (T), and Homologous (H) 

Superfamily  

Class, derived from secondary structure content, is assigned 

for more than 90% of protein structures automatically. 

Architecture, which describes the gross orientation of 

secondary structures, independent of connectivities, is 

currently assigned manually. The topology level clusters 

structures according to their topological connections and 

numbers of secondary structures. The homologous 

superfamilies cluster proteins with highly similar structures 

and functions. The assignments of structures to toplogy 

families and homologous superfamilies are made by 

sequence and structure comparisons. 

CATH 

~1280 


