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Crystallography 
X-ray 

Neutron 

Electron 
   Emerging  
new technique 

Why  using  electron  
crystallography ? 
 



Why electrons? 
  104-5 times stronger interaction with matter compared  with   X-ray 

  
 single crystal data on powder sample 
 short data collection time 

With Electron microscope we can study   
 nm- and micro-sized crystals 

STRUCTURE  ANALYSIS  WITH   
ELECTRON   DIFFRACTION 

 -  X- Ray  peaks  broaden  
  with  crystals  of  nm  range 
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TEM :  Electron  diffraction  advantages 

ED information: Cell parameter and symmetry determination 
 
Measuring  intensity  values  leads to structure determination  

Every TEM (electron microscope) 
may  produce ED patterns   
and  HREM from  individual single 
nanocrystals 

TEM goniometer 

  
STRUCTURE  ANALYSIS   
     WITH   TEM 
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Ta2O5  

tantite             

Nicola Pinna, Progr 
Colloid Polym Sci 130 
(2005) 29-32 

λ
θsin21 == db

Nicola Pinna et al., Adv. 
Mater 16 (2004) 2196    

Crystals  <  5 nm  look  like  “X-Ray  amorphous” 
                                but we can see them in TEM !   



Transmission electron microscopy (TEM) 

 Diffraction: selected area, 
nano- and convergent beam 
electron diffraction 

 Imaging: conventional, high 
resolution  

 Chemical analysis: EDS and 
EELS 
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THE  UNIVERSITY  OF  TEXAS  AT  AUSTIN 

Scan 

De-scan 

Specimen 

Conventional 
Diffraction Pattern 

Precession… 

Non-
precessed 

Precessed 

(Diffracted 
amplitudes) 

Chris Own, PhD Dissertation, 2004 

Scan lens 

De-scan lens 

Courtesy  Northwestern  Univ  USA   (ref. C.S.Own , L.Marks)    

PRECESSION   DIFFRACTION 



www.nanomegas.com 

FEI microscopes   

JEOL  microscopes   

Zeiss  microscopes   

 Digital    precession  interface  for  advanced TEM 
                                                            



By tilting  the  TEM goniometer  (single /double tilt, tilt rotation  , tomography) we can 
reconstruct   the reciprocal  space of the  crystal . Tilt  angle may vary from – 70 to + 70 deg 
or less depending  on TEM  configuration  and  TEM  goniometer   specifications 

TEM  holder  

1 µ 

STRUCTURE  ANALYSIS  
      WITH   TEM  with Precession(PEDT) 

Organic  samples  
degrade fast  

under the beam – 
cooling sample  

at Liquid Nitrogen is 
mandatory 
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500 nm 

 
TEM - PEDT :  3D  sampling of reciprocal  

space  
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TEM  ADT3D : Disorder &  polycrystallinity 

DISORDER 

0kl : k = 2N+1 

POLYCRYSTALS 

c* tilted ~ 3° 
13 



Phenothiazine: anti-psychotic  agent 

Data Acquisition of Organics/Pharmaceuticals 

Precession Electron Diffraction Tomography 
Tilt range: 40ο 

Tilt angle: 1ο   
Precession Angle: 1ο  

Tilt angle:1o Tilt angle:6o Tilt angle:10o 

Phenothiazine, Data Collected with Cryo Holder, Libra 120 



Phenothiazine: anti-psychotic  agent 

 Data Acquisition of Organics/Pharmaceuticals 

Use of cryo cooling  holder 

Experimental 
a = 9.03 Å 
b = 9.01 Å 
c = 12.04 Å 
β = 94.21ο 

New Polymorph !!!!! 
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    Collaboration  NanoMEGAS - Univ  Barcelona- Univ  Leiden 

 Timepix Detector in Barcelona 
 

1000 times more sensitive than CCD 



(Data collected -250 to 260) 
   55 frames summed  / 1 0 
 

Data collected at Barcelona 
NO CRYO 

Data Collected with MEDIPIX, CBZ Crystal  

NO  CRYO  USED  !!! 
 
Collection time  < 3 min Resolution:  0.8 Å 

 Structure determination of  pharmaceutical compounds 
using TEM electron diffraction  without Cryo Cooling 

 



0kl 1kl 

2kl 3kl 



Experimental  
a = 7.68 Å 

b = 11.44 Å 
c = 13.92 Å 
β = 91.22ο 

Literature Reported 
a = 7.534 Å 

b = 11.150 Å 
c = 13.917 Å 

β = 92.94ο 

ab-initio solved  Structure of CBZ from 
ED Data 

Literature Reported Structure of CBZ 



(Data collected -100 to 260) 
 
 

Data collected at Barcelona 
NO CRYO 

 

NO  CRYO  USED  !!! 
 
Collection time  < 3 min Resolution:  0.8 Å    

20 frames summed  / 1 0 
 

Data Collected with MEDIPIX, Nicotinic Acid Crystal  



Experimental 
a = 7.19 Å 

b = 11.74 Å 
c = 7.28 Å 
β = 112.65 

Literature Reported 
a = 7.19 Å 

b = 11.69 Å 
c = 7.23 Å 

β = 113.55 Å 

1kl h1l hk1 



SA Structure from ED Data 
The Structure can not be solved by DM, due to low completeness 

Experimental Literature Reported 



(Data collected -160 to 200) 
 

Data collected at Barcelona 
NO CRYO 

 

Data Collected with MEDIPIX, Salicylic Acid Crystal 

NO  CRYO  USED  !!! 
 
Collection time  < 3 min Resolution:  0.8 Å   

38 summed  / 1 0 



ED   patterns 
Data collected at Barcelona 

Experimental 
Two Data sets 

a = 5.14 Å 
b = 8.99 Å 
c = 7.49 Å 
β = 106.01 

Literature Reported 
a = 4.89 Å 
b = 11.20 Å 
c = 11.24 Å 
β = 92.49 Å 

1kl h1l hk1 

New Polymorph !!!!! 





Find Crystal Texture & Amorphous Content 
Random  Diffraction Tomography 



Orientation map 

Using  precession diffraction the number of ED spots observed 
increases ( almost double ) ; correlation index map becomes  
much more reliable  when  compared  with templates 

Scanning  the  TEM beam in precession  mode 
Step  size  0.1 nm -100 nm 
Dedicated  CCD   with  >  100 frames /sec 
Typical area  5 x 5 microns 
Scanning  times  (typical)  5-10 min  
 
   
 
 

NO precession precession 

) ASTAR (Orientation and phase imaging in TEM 



Severely  
deformed 
7075 Al. Alloy  

1 µm 
   

WC-Co 

0.5 µm 

Orientation map Phase map 

ASTAR : Automated Crystal Orientation Mapping 



Nanocrystalline 
or Amorphous 

? 

both  may  show  “X-ray amorphous”  pattern 

     ED  pattern from  
overlapping  nanocrystals   
       <   10 nm 

 ED  pattern from  
 amorphous area   
        

What  about  the   amorphous  content  in a sample ? 



    Example : Mg-Cu-Gd  partly recrystallized metallic  
glass  with   Mg2Cu and Cu2Gd  crystalline  precipitates 

Nanocrystalline 
or Amorphous ? 

crystalline 

amorphous 



    ORGANIC crystals  : beam sensitive 
   
         Only  possible to collect  several   
           (non ZA oriented  ED  patterns)  
                    
                   from   different  crystals 
 

CRYSTAL  UNIT  CELL can be calculated  
from several  patterns (oriented  or not)  

ORGANIC CRYSTALS  : THE RANDOM  TOMOGRAPHY  METHOD 



form I (P21/c): a=11.233(3) Å, b=6.544(1) Å, c=11.231(3) Å,  â = 95.89(2)° 

form II (P21/c): a=12.095(7) Å, b=6.491(4) Å, c=11.323(6) Å, â=111.509(9)° 

ASPIRIN 



  131  ZA       1 -1 -3  
ZA   

      112 ZA  

  023  ZA 1-1 -3  ZA 

  512  ZA  

   001 ZA 
   -1-2 1 ZA 

EDIff  software :  cell parameters are found   from   11  random  PED  patterns   
           a               b               c                      alpha          beta        gamma 
       10.68        6.663      11.75                   90.0             95.0           90.0   

Data collected  with  120 kv TEM   IIT  Pisa 

ASTAR  :  Random  precession diffraction  tomography 



ZA 001 Best match 
  

                ZA 113   Best Match 
 

UNIT  CELL   DETERMINATION -  SOLVE  CRYSTAL  STRUCTURE 

ASTAR  :  Random  3D diffraction  tomography 



PED  patterns improvement with  precession 

ASPIRIN 

1 µ 



CONCLUSIONS 

Try  electron  diffraction ! 



 Nanocrystalline  samples  that  give  poor  X-Ray patterns  

 Inconclusive  cell  determination /crystal structure   from  X-Ray 

 Detailed  overview over  crystalline  vs  amorphous  content  

 Solve crystal  structures  ab-intio from  < 50 nm  crystals  

 

Most  important  reasons  to use  Electron  Diffraction 

CONCLUSIONS 

        How  Electron  Diffraction  can  be used ? 
• Use any  TEM  (120, 200, 300 kv LaB6 or  FEG)  
• 3D  precession diffraction tomography  (ADT-3D)   can help  to find ab-initio the  
       unit cell /crystal structure  of any unknown  crystal  >  50 nm 
• Random  precession  diffraction tomography  (ASTAR)  to find  unit cell and  crystal   
       structure by   reconstructing  reciprocal space  from quasi-oriented  PED  patterns 
• Reveal  detailed  local  amorphous  vs crystalline  part in  samples  
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