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STRUCTURE ANALYSIS WITH
ELECTRON DIFFRACTION

Why electrons? ;1% P

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

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

- X- Ray peaks broaden
with crystals of nm range

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

~ NanoMEGAS
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STRUCTURE ANALYSIS
WITH TEM

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

ED information: Cell parameter and symmetry determination

Measuring intensity values leads to structure determination

/., NanoMEGAS



http://www.google.es/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=o4UhD7kFIpcYGM&tbnid=mA-SyaPdBHusYM:&ved=0CAUQjRw&url=http://www.rayur.com/neuroleptic-phenothiazines.html&ei=82dWU7OyOcWd0QXAxoHoDg&bvm=bv.65177938,d.d2k&psig=AFQjCNE08kUUxZvgKgrdCZW7IiW2JD4ttg&ust=1398257936842051

B 5 ¥
I R R

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

T

o &7 i3 ik T -
] -1;"' In » =% ¥
Al 1 A = LR Mgty s\« B
= N iy X 5 %
ro B . A 'y
_ 3 N -0 -1.: -._‘, 2190
¥ _— — ™ :
u o B
F - - = = 5]
Y Ty -.__'___-:".
——

Int (a.u.)

| tantite =

’Crystals < 5nm look like “X- Rayamorphou'
but we can see them In TEI\/I
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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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Digital precession interface for advanced TEM

Microscopy
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STRUCTURE ANALYSIS

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

Organic samples
degrade fast
under the beam -
cooling sample
at Liquid Nitrogen is
mandatory



http://www.google.es/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=o4UhD7kFIpcYGM&tbnid=mA-SyaPdBHusYM:&ved=0CAUQjRw&url=http://www.rayur.com/neuroleptic-phenothiazines.html&ei=82dWU7OyOcWd0QXAxoHoDg&bvm=bv.65177938,d.d2k&psig=AFQjCNE08kUUxZvgKgrdCZW7IiW2JD4ttg&ust=1398257936842051

TEM - PEDT : 3D sampling of reciprocal

Image Diffraction

‘

Tilt series

\ Select a crystal

Tilt (1°)

Arbitrary axis: Less dynamical effects,
More reflections
Easier to learn 2

Data collection: Any TEM using SAED or NED,
~30° for unit cell parameter
= 100° for structure solution

50 nm
;:_g HanoMEGAS
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TEM ADT3D : Disorder & polycrystallinity

DISORDER POLYCRYSTALS
Okl : k = 2N+1 c* tilted ~ 3°

% NanoMEGAS
2 Advancod Tools for eleciron diffraction



Phenothiazine: anti-psychotic agent

Precession Electron Diffraction Tomography
Tilt range: 40°

Tilt angle: 1°

Precession Angle: 1°

Phenothiazine, Data Collected with Cryo Holder, Libra 120

y
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Data Acquisition of Organics/Pharmaceuticals

Phenothiazine: anti-psychotic agent

Experimental
a=9.03A
b=9.01A
c=12.04 A

B =94.21°

ciran diffracition

)
Z- F_H_QPE?EGAS Use of cryo cooling holder



Timepix Detector in Barcelona

1000 times more sensitive than CCD

Collaboration NanoMEGAS - Univ Barcelona- Univ Leien |
X NanoMEGAS
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Data Collected with MEDIPIX, CBZ Crystal

(Data collected -25° to 269)

55 frames summed 7/ 1°

NO CRYO USED !Nl

Collection time <3 min Resolution: 0.8 A

Data collected at Barcelona
NO CRYO
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\ ab-initio solved Structure of CBZ from AWM Ex;ir;rré%ng\e
ED Data ol e Nl e b=1144A
%%&}f c=13.92 A

: 7 ek M » B=91.22°

Literature Report
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) NO CRYO USED Il

Collection time < 3 min Resolution:; 0.8 A O
20 frames summed 7/ 1° O ¥\ o

» NanoMEGAS Data collected at Barcelona
O GRS
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) Experimental Literature Reported
a=7.19 A a=7.19 A
b=1174 A b=11.69 A

A c=7.28A c=7.23A
B=112.65 B=113.55A

\ 1Kkl hil hk1l
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SA Structure from ED Data
The Structure can not be solved by DM, due to low completeness
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Data Collected with MEDIPIX, Salicylic Acid Crystal

(Data collected -16" to 20°)

NO CRYO USED !l

- - < . .
Collection time <3 min Resolution: 0.8 A
38 summed /1°

)
7;> N?‘..".Q MEGAS Data collected at Barcelona

NO CRYO
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A .
Experimental Literature Reported
Two Data sets a=489 A
a=514 A b=11.20 A
A b=8.99A c=11.24 A
c=7.49A B=092.49 A
B = 106.01

\ 1Kkl hil hk1l

ED patterns
Data collected at Barcelona
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Find Crystal Texture & Amorphous Content
Random Diffraction Tomography

Microscopy

2011 Innovation Award
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ASTAR (Orientation and phase imaging in TEM

NO precession precession

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

o Orientation map
>

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

E NanoMEGAS
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ASTAR : Automated Crystal Orientation Mapping

Severely Orientation map Phase map

= deformed
™ 7075 Al Alloy

|

j%;g NanoMEGAS
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about the amorphous content in a sample ?
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Fig. 2. XRPD diffractograms of the cryo-m

for different t.:l'_m [tme in the FEure corre A m h nd o-form of indomethacin. XRPD diffractograms of -
I I I a O r O r p O u S ethacin are shown in the inset.

D pattern from
overlapping nanocrystals
< 10 nm

ED pattern f
amorphou

both may show “X-ray amorphous” pattern
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Nanocrystalline

or AmOrphOUS 2 Example : Mg-Cu-Gd partly recrystallized metallic

glass with Mg,Cu and Cu,Gd crystalline precipitates
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ORGANIC crystals : beam sensitive

Only possible to collect several
(non ZA oriented ED patterni=

from different crystals

4~ CRYSTAL UNIT CELL can be calculaies

SWfom several patterns (oriented or no#)
|

noMEGAS

od Tools for electron diffraction
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ASTAR : Random precession diffraction tomography

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

b )
. NanoMEGAS Data collected with 120 kv TEM [T Pisa




ASTAR : Random 3D diffraction tomography

ZA 001 Best match
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PED patterns improvement with precession
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k CONCLLiSIONS

Most important reasons to use 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

1 How Electron Diffraction can be used ?

« Useany TEM (120, 200, 300 kv LaB6 or FEG)

m: 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

1’!’ | Reveal detailed local amorphous vs crystalline partin samples

“NanoMEGAS

g Advanced Tools for electron diffraction
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Collaborators

University of Lieden, Group of Prof. J. P. Abrahams

University of Cambridge, Group of Prof. Paul Midgley

Center for Nanotechnology Innovation@NEST , Dr. Mauro Gemmi
SIMAP-INP Grenoble-France, Dr. Edgar Rauch

Contact us at

= pharma@nanomegas.com

(i www.nanomegas.com/Pharma
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PDF ANALYSIS
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