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What is
Crystallography?

http://www.crystalerice.org/

Crystallography is a technique for investigating
the structure of matter in the ordered solid state,
scientifically defined "crystalline state".
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What Is Electron Crystallography?

Electron crystallography Is the quantitative
use of different information by electron
scattering to study perfect crystal structures
as well as defects and interfaces.




Why electrons?

. 104> times stronger interaction with
matter compared with X-ray

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

- Phases are present in high resolution
electron microscopy (HREM) images

- for nano- and micro-sized crystals




Transmission electron microscopy

selected area, nano-
and convergent beam
electron diffraction

conventional, high
resolution

EDS and EELS




Different electron diffraction techniques

SAED — Selected Area Electron Diffraction
CBED — Convergent Beam Electron Diffraction

CBED makes use of dynamical efftects
SAED requires near kinematic conditions
CBED for unit cell dimensions <10A
SAED for unit cell dimensions >10A
CBED for thick specimens >200 A

SAED for thin specimens < 200 A




Determine unit cell parameters and space group by S  AED







474 EM image showed
cletalls witnin unit cell
Irmage sirmulaitior
invenied

Contrast reverszal py
clefocusing

naging 1972
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truciure Determination oy Eleciron Crystallograpny

Structure Factors F(hkl) = Amplitude + Phase

Both amplitudes and phases are
obtained from images

Amplitudes are obtained from ED;
Phases are determined by direct methods

or Patterson method.
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solving zincl refining tne siruciure
Solving = finding a rougn mocdel of at

leaist ine rmost irnportarni (neaviesi) atorns

within about 0.25 A, Use EM-images,

2A resolution, few reflections, phases .
Refine py least-squares rmetnods = find

all aiforns within ebout 0.02 A,

Use SAED or CBED data. 1A resoluiior,

rany reflections, only amplitudes.
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Irmages or diffraction patierns?

erlJ% neve lower resoluiion oui priases
SAED glves more armplitudes out rno pnases
IR EM for solving struciur

SAED and CBED for refining struciures
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SAED rmillder for radlation sensitlve reterials
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Flistory of eleciron crystallograpny

Pinsker, Vealinsnielr rlmrl Zvyagin (1940-50s) solved
inorganic crystal siruciures frorn electron diffraciion patierns
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Cowley & Moodie (1957) — cdleveloped n-pearn dynarmicel
rJ]‘f‘fracfr,]orJ - 'fear f J/n?lm]cal erreats caused oy strong

Klug (IJoJ) — cryst EHDJMOH siruciure factor pnases fror
In =V Jmsges

Unwin and Flenderson (L975) solved first rermbrane
oroteins

Dorset & rlaugimann (L976) apolied direct rmeinods or
eleciron diffr e tlon dzaia, organic crysia 5]5

rlovrnoller, LI, Fan (19803) - inorganic atornic co-ordinaies
frorm EM images



Malrn oreaxinrougn of electron
crystallograpny was in 1¢

Direct meinods
Meudrnurn eniropy likelinood
Crysiallograprnic irmage processing
Eleciron nolograpny

AL wave recorbtruu]on




fruciure analysis oy
ele tron diffractiorn
frorn oplique texiures
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Aron lug - Nopel Prize in Cnermnl



Zr,Se

TigSe,

Solving siruciures frorn electron diffraction dat

Weirich Zou, Hovmoller
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Atomic coordinates to 0.2 A accuracy solved from EM Image

(11)

Hovmoller



Unknown Siruciure Solved  and Refined by Eleciron Crystallograpny
| — (‘»f .
HREM C2/mn
0=2552,0=3.448, ¢=19.204, y=117.8/
Ti
: Se
Refined to
0.02 A precision
using ED data

ED Model

Weirich Hovmoller Zou



Eleciron crystallograpny on Zeo

Intergrowin of  zeolite peta — oolymorpn A, B & C (here

Terasaki

Terasaki
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52.6°

Zou

58.3°

61.9°

Hovmoller

72.9° 78.4° 90°
15.6°
P6,/m
a=40.687,c=12.546 A
30°
70.4°
79.9°



Irnaging oxygen - spherical aberration correcior



ruciure refinernent

UW

EXt wave reconstruction -

Jansen

Jansen,
Schenk



Direct Atom-Resolved Imaging
of Oxides and Their Grain
Boundaries using ultra high voltage TEM (1250 kv)



Copper-0Oxygen 2ond in Cuprite determinecd oy CBED

Red: excess electrons
Blue: holes

ZUo Spence



Phasing electron diffraciion oy
over-sarmpling



Ultrafasi Eleciron Crysiallograony:

Transilent Struciures and Pnase Transiiions
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Translent Structures and Pnase Translilons




Solid-liquid state transition in polycrystalline Al



Electron Crystallograpny S

1990 Erice (worksnop)

1993 Stocknolm, Beljing (1UCr)
1994 Stocknolrn

1995 Stocknolrr /
1996 Stocknolm (EUCHEM conference)
1997 Erice & Yatowice

1998 Stocknolrn

1999 [Narites

2000 Azcrier

2001 Barcelona

2002 Tarnpere

2003 Moscow

2004 Erice

2011 Erice?
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