Welcome ta 5,091

Lecture 18
October 21, 2009

X-Ray Diffraction Techniques
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Selection Rules for Reflection in Cubic Crystals
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Cu target, Ax, = 1.5418 A
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Sadoway’s Five-step Program for
Determining Crystal Structure

Step 1 Start with 20 values and generate
a set of sin°0 values.



Cu target, Ax, = 1.5418 A

20 sin”0
44.48 0.143
51.83 0.191
76.35 0.382
92.90 0.525
98.40 0.573

121.87 0.764
144.54 0.907
155.51 0.955



Sadoway’s Five-step Program for
Determining Crystal Structure

Step 1 Start with 20 values and generate
a set of sin°0 values.

Step2 Normalize the sin’0 values by
generating sin’0, / sin’0.



Cu target, Ax, = 1.5418 A

20 sin“0  normalized
44 48 0.143 1.00
51.83 0.191 1.34
76.35 0.382 2.67
92.90 0.525 3.67
98.40 RYR 4.01
IVARY 0.764 5.34
144.54 0.907 6.34
155.51 0.955 6.68



Sadoway’s Five-step Program for
Determining Crystal Structure

Step 1 Start with 20 values and generate
a set of sin°0 values.

Step2 Normalize the sin’0 values by
generating sin’0, / sin’0.

Step 3 Clear fractions from “normalized”
column.



Cu target, Ax, = 1.5418 A

20 sin’0  normalized clear
fractions
44 48 0.143 1.00 R
51.83 0.191 1.34 4
76.35 0.382 2.67 8
92.90 0.525 3.67 11
98.40 RYR 4.01 12
IVARY 0.764 5.34 16
144.54 0.907 6.34 19
155.51 0.955 6.68 20



Sadoway’s Five-step Program for
Determining Crystal Structure

Step 1

Step 2

Step 3

Step 4

Start with 20 values and generate
a set of sin°0 values.

Normalize the sin°® values by
generating sin’0, / sin’0.

Clear fractions from “normalized”
column.

Speculate on the Akl values that,
if expressed as A°+k*+I°, would
generate the sequence of the “clear
fractions” column.



Cu target, Ax, = 1.5418 A

20 sin’®  normalized clear (hkl)?
fractions
44 48 0.143 1.00 R 111
51.83 0.191 1.34 4 200
76.35 0.382 2.67 8 220
92.90 0.525 3.67 11 311
98.40 0.573 4.01 12 222
121.87 0.764 5.34 16 400
144.54 0.907 6.34 19 331
155.51 0.955 6.68 20 420



Sadoway’s Five-step Program for
Determining Crystal Structure

Step 1

Step 2

Step 3

Step 4

Step 5

Start with 20 values and generate
a set of sin°0 values.

Normalize the sin°® values by
generating sin’0, / sin’0.

Clear fractions from “normalized”
column.

Speculate on the Akl values that,
if expressed as A°+k*+I°, would
generate the sequence of the “clear
fractions” column.

Compute for each 0 the value of
sin“® / (h*+k°+1%) on the basis of
the assumed hkl values. If each
entry 1n this column is i1dentical,
then the entire process 1s validated.



Cu target, Ax, = 1.5418 A

20 sin’®  normalized clear (hkl)? —
fractions
44 48 0.143 1.00 3 111 0.0477
51.83 0.191 1.34 4 200 0.0478
76.35 0.382 2.67 3 220 0.0478
92.90 0.525 3.67 11 311 0.0477
98.40 0.573 4.01 12 222 0.0478
|PARY 0.764 5.34 16 400 0.0477
144.54 0.907 6.34 19 331 0.0477
155.51 0.955 6.68 20 420 0.0478



Selection Rules for Reflection in Cubic Crystals
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4-fold 3-fold 2-fold




N
S \\ r N
All M. C. Escher works © 2010 The M. C. Escher Company — The Netherlands. All rights r rved.


www.mcescher.com

lgAMCE cher works © 2010 The M. C. Escher Company — The Netherlands. All rights r

. ST - WISV GOTEY - TN TSV
translatlonal symmetry without rotational symmetry



www.mcescher.com

Courtesy of Ron Lifshitz. Used with permission.
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rotational symmetry without translational symmetry
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not a Bravais lattice



Taxonomy of Solids

ordered disordered
- unit cell - no building block
- periodic - no long-range order
- “crystal” - “glass”

1982 Dan Schechtman (Technion) working
at National Institute of Standards and
Technology (NIST), Gaithersburg, MD

Al - Mn alloy:
- highly ordered

- symmetries impossible 1n a true crystal
(5-fold rotational symmetry)

- lacks translational symmetry: aperiodic

“quasicrystals”


















“Mission Impossible” — an example of 5:4 time
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