Crystallographic Diffraction

Laue diffraction from a three-dimensional abc lattice grating
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Max Laue, Walther Friedrich, and Paul Knipping (1912).

Bragg reflection from families of parallel Akl lattice planes
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William Henry and William Lawrence Bragg (1913). (Father and son)

Integrated Bragg reflection intensities
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Charles G. Darwin (1914). (Grandson of the author of the theory of evolution)




Crystallographic diffraction
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Laue transmission Bragg reflection

Clegg, Blake, Gould & Main (2001). Crystal Structure Analysis: Principles and Practice, IUCr/Oxford Univ. Press.




Thomson scattering of an X-ray wave
due to driven oscillation of an electron

spherspherdeal
Scattered/wave

plane

_ plane
Incident/wave
E

spherical
wave

20 =—-45°

Elastic scattering of an electromagnetic wave



Rayleigh-Thomson scattering
Laue diffraction and Bragg reflection
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Christophe Dang Ngoc Chan



Huygens construction for a diffraction grating with d=5.5 A

(Left-pointing 1st, 2nd, and Oth Order d=5.5 /l

3rd order, and all higher order 1st Order dSiIlQn =nA
beams not shown.) A 2nd Order

3rd Order

X

O FHEARIIFTERNE
’I'I'l’ia'u {'n'}ﬁ‘aﬁ’sﬁ" ‘

4
Incident Plane Wave (Lambda = 2/11 = Grating Pitch

4

g 7 ’ ”
$ n'n"f"ﬂ

SIS




Huygens constructions for diffraction
by a grating or by a lattice row

zero order

Martin J. Buerger (1962). X-Ray Crystallography. New York: John Wiley & Sons, Inc..
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Laue diffraction by a three-dimensional lattice grating

direct beam

zero
order __1st order 2nd order

Martin J. Buerger (1962). X-Ray Crystallography. New York: John Wiley & Sons, Inc.



The Bragg Law 2dsin@ = nA
X-RAY DIFFRACTION

SCATTERED

O INCIDENT

LAYERED
STRUCTURE
MODIFIED FROM WILSON (1987)

KXABC = XADC =90°

XACB=XADB=90°-0

AXBAC=4£DAC=86
AC=d
BC=DC=dsin0




Bragg's Law

ACB = 2d sin®

For NaCl
AB =2:8x10"%cm




http://www.diamond.ac.uk/Home/News/LatestNews/02-09-14.html




Bragg’s law describes constructive interference of X-ray
waves scattered by a crystal as specular reflection from
families of parallel crystal lattice planes
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Bragg reflection from families of parallel hkl lattice planes
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Orders of Bragg reflection from a family of parallel hkl lattice planes

1st order 2dsinf, = A

2dsin6, =24

3" order 2dsinf, = 31




Bragg reflections from a family of parallel hkl lattice planes
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First order reflection Second order reflection
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Monochromatic X-ray diffraction

Fic. 113. When a crystal is rotated in a monochromatic X-ray
beam, the various planes of atoms are able to reflect only at particular
angles; the angle at which reflection takes place depends on the spacing
of the planes. The more widely spaced planes give reflections near the
primary beam; the more closely spaced planes reflect at the larger angles.

Charles W. Bunn (1964). Crystals: Their Role in Nature and in Science. New York: Academic Press



Polychromatic X-ray diffraction

d. >d.  >d

210 310 410
A >A > A
Fic. 111. In Laue’s experiment, each spot on the plate is due to the
reflection of X-rays by a different set of atomic planes acting as X-ray
mirrors. The more widely spaced planes reflect the longer waves in the
beam, while the more closely spaced planes reflect the shorter waves,
at smaller angles.

Charles W. Bunn (1964). Crystals: Their Role in Nature and in Science. New York: Academic Press




Polychromatic X-ray diffraction

According to the Bragg law 2d,,,sin6,,,= A, the discrete lattice spacings d,,, select
discrete monochromatic wavelengths A; =2d,,, (sin 6,,,) from a polychromatic X-ray beam.
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Fi16. 120. Schematic representsation of the reflection of monochromatic beams of
x-rays by a crystal of NaCl when a heterochromatic beam is incident upon it

dllO > d210 > d310 > d410 > dSlO
6,> 06,> 6,> 0,> 0,
A> A> A> A > A



Bragg reflection from families of parallel hk/ lattice planes

2d,,,sinf@ = nA , 2(%)Sin6 =A, 2d,. . sinf=24
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The Bragg Law
2d,,,sin6=nA

)8

-

Robert M.Sweet (1985). Introduction to Crystallography. In Methods in Enzymology, v.114.




The Ewald construction for the Bragg reflection law

¥ Bragg angle
_ // 29 Scattering angle
Sir William Henry
Bragg
(1862 - 1942)

g |

Paul Peter Ewald

1888-1985
William Law
Bragg
(1890 - 1971)
Wm. Henry & Wm. Lawrence Bragg (1913) 2dsing = A
Paul Peter Ewald (1913) sing=1A_[11/[2
2d \d A

Robert M. Sweet (1985). Introduction to Crystallography. In Methods in Enzymology, v.114.
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The Ewald construction for the Bragg reflection law
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Leonid V. Azaroff (1968). Elements of X-ray Crystallography. McGraw-Hill Book Co.



The Ewald construction for the Bragg reflection law

¥ Bragg angle
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Fig. 3-8. The geometrical conditions for reflection in reciprocal space.
(Courtesy of Bernal, Proc. Roy. Soc. (London), 1134, 117.)
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Fi1G. 3. The Ewald construction showing the condition for reflection n
(a) two dimensions, and (b) three dimensions.

W.L. Bragg, The Development of X-Ray Analysis (revised edition). New York: Dover Publications, Inc., 1992.
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The Ewald construction for the Bragg reflection law
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Leonid V. Azaroff (1968). Elements of X-ray Crystallography. McGraw-Hill Book Co.
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FiG. 3. Ewald s construction for the diffraction maxima, using the
reciprocal lattice and the sphere of reflection

£OPQ = £§,8, = 26

S = (§ — §O )//l , Axis of Rotation

FiG. 7. Nlustrating the formation of layer lines
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R.W. James (1982). The Optical Principles of the Diffraction of X-rays. Woodbridge, Conn.: Ox Bow Press




On the Interpretation of X-Ray, Single Crystal, Rotation Photographs.
By J. D. BernaL, B.A.

(Communicated by Sir William Bragg, F.R.S.—Received July 24, 1926.)

In the development of the study of crystals by X-rays the methods used
divide themselves naturally into four types: the Bragg Ionisation Spectro-
meter method, the Laue method, the Powder method of Debye and Scherrer,
and the Rotating Crystal method of Rinne, Schiebold and Polyani. The
techniques of the first three of these methods are fully explained in such books
as ‘ X-Rays and Crystal Structure,” by W. H. and W. L. Bragg, ‘ The Structure
of Crystals,” by Wyckoff, and ‘ Krystalle und Rontgenstrahlen,” by Ewald, as
well as in original papers. On the other hand, the rotation method is only

Proceedings of the Royal Society of London. Series A, Containing Papers of a Mathematical and
Physical Character,Vol. 113, No. 763. (Nov. 1, 1926), pp. 117-160.
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FIG. 3. The Ewald construction showing the condition for reflection in
(a) two dimensions, and (b) three dimencsions.
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Geometrical construction of a reciprocal lattice
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The Braggs’ first crystal structures (1913)

NaCl

=
qv)
(/)]
'
&)
(@)
bt

)
=
®©
c

NS
zinc blende

spahlerite




Closest packing of spheres (Kepler’ s conjecture, 1611)

HCP CCP =FCC
ABA... ABCA



William Barlow (1898) and William Jackson Pope (1906)
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Hypothetical crystal structures based on sphere-packing
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