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Wave properties of electron

Energy of electron accelerated in the potential U:
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100 0.037 1.644
120 0.0335 1.759
200 0.0251 2.086
300 0.0197 2.330 Skoltech

400 0.0164 2.484



Selected area electron diffraction (SAED)
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Bragg’s law

incident beam reflected beam
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Reciprocal lattice

Hhkl
a* 1 bc plane
b* 1 ac plane
Set of the H,,, vectors form a reciprocal lattice of crystal ¢* L ab plane

k, — wave vector of the incident beam, | K, | = 1/A
k — wave vector of the diffracted beam, | K| = 1/A
H, L hkl plane, H = k - k,

Bragg’s condition is satisfied if |[H| = 2sin6/A = 1/d,,
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Reciprocal lattice
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Reciprocal lattice

Reciprocal lattice
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Reciprocal lattice

Reciprocal lattice
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Reciprocal lattice

Reciprocal lattice
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Reciprocal lattice
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Reciprocal lattice

Reciprocal lattice
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Reciprocal lattice

Reciprocal lattice
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Reciprocal lattice

Reciprocal lattice

Direct lattice I distance = 1/d3 »)
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Reciprocal lattice

Reciprocal lattice
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Reciprocal lattice
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Reciprocal lattice
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Reciprocal lattice and the Ewald sphere
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Draw an Ewald sphere with the radius of

/A

Place the crystal at the center of the
sphere

Draw the incident beam wavevector kg
from the center of the sphere

Place the origin of the reciprocal lattice
O* at the intersection of the Ewald
sphere and k,

Rotate the crystal and reciprocal lattice
to place hkl reciprocal lattice node on
the Ewald sphere

The wavevector of the diffracted beam k
connects the center of the sphere and

the hkl node
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Reciprocal lattice and the Ewald sphere

A
Ewald sphere
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Selected area electron diffraction (SAED)
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Electron diffraction pattern is a section of the reciprocal lattice of a crystal
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SAED vs PXRD

Electron diffraction pattern: 2D section
of the 3D reciprocal lattice

Powder diffraction pattern: 1D projection
of the 3D reciprocal lattice
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SAED and PXRD
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SAED: interplanar spacings

Bragg equation for electron diffraction:
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diffraction pattern
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SAED: interplanar spacings

Interplanar spacings:
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h,k,l;, h,kl, (counter-clockwise):
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Reconstruction of reciprocal lattice

Reconstruction of the reciprocal lattice:
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Reconstruction of reciprocal lattice

Double tilt TEM holder
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Reconstruction of reciprocal lattice

0° 52.6° 58.3° 72.9° 78.4° 90°
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Reconstruction of the reciprocal lattice



SAED: symmetry analysis

The symmetry of the SAED pattern is
described by one of 10 2D point groups
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SAED: symmetry analysis

Highest WP
"net" symmetry
observed
— 1 m 2 2mm  (4mm) (4mm)* 3m  6mm
or ]
and and and
absence presence absence
of of of
(6mm)  (6mm) (4mm)
Rhomb.  Hex.
lattice  |attice
Y Y A * % :
— Tricl. Mono. Ortho. Tetra. Cub. Trig.  Hex.
Crystal *except for Pa3
system

From J.P. Momiroli and J.W. Steeds, Ultramicroscopy, 1992, 45, 219



Thank you for your cooperation!
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