10/19/2015

PHY 752 Solid State Physics
11-11:50 AM  MWF Olin 103

Plan for Lecture 21:

» X-ray and neutron diffraction in solids
(Chap. 10 in GGGPP)
» Bragg law
> Intensity relationships
» Sensitivity to atomic parameters
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8 |Fri,9/11/2015  [Chap. 2 Group theory 24
@ [Mon, 9/14/2015 [Chap. 2.4-2.7 |Densities of states 8"
10 Wed, 9/16/2015 |Chap. 3 Free electron model @
11|Fri, 9/18/2015  [Chap. 4 [One electron approximations to the many electron problem #10
12|Mon, 9/21/2015 [Chap. 4 [One electron approximations to the many electron problem|[&11
13 |Wed, 9/23/2015 |Chap. 4 Density functional theory #12
14 |Fri, 9/25/2015 [Chap. 5 Implementation of density functional theory w
15[Mon, 9/28/2015 [Chap. 5 of density functional theory [14
16 \Wed, 9/30/2015 |Chap. 5 [First principles pseudopotential methods #15
17|[Fri, 10/02/2015 |Chap. 6 [Example electronic structures [s16
18 |Mon, 10/05/2015 Chap. 6 lonic and covalent crystals #17
19 \Wed, 10/07/2015 |Chap. 6 More examples of electronic structures [#18
120 |Fri, 10/09/2015 [Chap. 1-6 Review Start exam
Mon, 10/12/2015 INo class [Take-home exam
\Wed, 10/14/2015 No class [Exam due before 10/19/2015
Fri, 10/16/2015 Fall break - no class
21 Mon, 10/19/2015 |Chap. 10 [X-ray and neutron diffraction EHW19
122 |Wed, 10/21/2015 [Chap. 10 [X-ray and neutron diffraction
|Wed, 12/02/2015 |Student presentations |
Fri, 12/04/2015 Student presentations II
Mon, 12/07/2015 ‘Begm Take-home final
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Relationship of normal distance between diffracting planes
to Bravais lattice

—‘ Reciprocal lattice (modulo 2 7)
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Intensity profile Comes_ fror_n Born -
) approximation describing
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Atomic structure factors
For X-ray scattering; Fourier transform of electronic density

X-ray Atomic Scattering Factor for C
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Atomic structure factors

http://www.ncnr.nist.gov/resources/n-lengths/

Neutron scattering lengths and cross sections

TV Cr MnFe Co Ni Cu
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Neutron scattering lengths and cross sections

Isotope |conc |Coh b [Inc b |(Coh xs [Inc xs [Scatt xs | Abs xs
(o} --- |6.6460|--- |5.551 [0.001 |5.551 (0.0035

12C  [98.9 [6.6511 |0 5.559 |0 5.559 0.00353
13C 1.1 6.19 |-0.52 4.81 0.034 4.84 0.00137

[ Neutron scattering lengths and cross sections
iIsotope ‘conc ‘Coh b llnc b ‘Coh XS ‘Inc X§ ‘Scatt XS ‘Ahs XS
[au [100 [7.63 [-1.84[732 [0.43 [7.75  [98.65

scattering length in 105 m

For neutrons:
a a
Jia < by
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Cu (fcc)
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X-ray powder diffraction pattern for Cu (fcc)
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Fe (bcc)
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B
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Fe (bcc)
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NaCl
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NaCl
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Comparison of X-ray and Neutron diffraction

De Broglie wavelenth of neutron
A= _h _ ht <«——time of flight
my  mL <—— path length
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X-ray Neutron
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Properties of scattering particles

from pg. 61 of Marder’s text

X-rays  Neutrons Electrons
Charge 0 0 —e
Mass 0 1.67-107% kg 9.11:1073! kg
Typical energy 12keV  0.02eV 60 keV
Typical wavelength 1A 2A 0.05A
Typical attenuation length 100 pm  Scm 1 pm
Typical atomic form factor, f 1073 A 10*A 10 A

Table 3.2:
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1. The graph and table below shows simulated neutron diffraction data for Zn$ in the
zincblende structure (Fig. 2.9, pg 76-77 in GGGPP) showing the diffraction intensity
versus dy plane spacing, where the hkl Miller indices are based on the conventional

cubic cell.
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(a) Using the fractional atomic positions for the ZnS structure, explain the reason
for at least two of the "missing” diffraction peaks.

(b) From the table of neutron diffraction peaks given below, determine the lattice

constant of ZnS and compare your result with that given in GGGPP.
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