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Outline for today

* Recap from last week (Chapters 1-2 + 4)

* Neutron diffraction (Chapters 9-10, except 9.1.5-8)
- Crystals
- Powders
- Magnetic diffraction
= Instruments



scattered
neutrons

k'

number of neutrons hitting a surface per second [/ dQ
Flux: = . ya
surface area perpendicular the beam
: number of scattered neutrons per second g
Cross section: o= i
X k incident
: : : d o _ 1 number of scattered neutrons €d Q2 per second nevtrons
Differential cross section: Jo- U 70

Partial differential cross section;

d’c 1 number of scattered neturons €d QA with energies€ theinterval [Ef ,E+dE f] per second
dQde, ¥ d QdE,
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Absorption and beam attenuation

* Good absorbers: Cd, Gd, *He, B
e Useful for shielding and neutron detectors

* Sometimes possible to substitute with less absorbing
Isotope. Examples

— SrCuz(B0s)2: use "B instead of 1°B
- GdsGasOa12: use *9Gd instead of any of the other Gd isotopes
* |solating isotopes is expensive



Incoherent scatterino

* Creates isotropic scattering (meaning no g-dependence)

 Comes from the fact the scattering cross sections vary
over the sample

* Useful for correcting for detector efficiency
e Otherwise it mostly shows up as unwanted background



Diffraction
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How do we define a crystal?



Crystal symmetries and defining a lattice

Cubic Hexagonal or Trigonal
’ @ @
garnet halite pyrite quartz iimenite calcite
Tetragonal Monoclinic
@ WD 3
apaprylits rutile wulfenite diopside gypsum epidote orthoclase
Orthorhombic Triclinic
e
& (i L 1]
albite wollastonite kyanite rhodonite
barite olivine sulfur
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Interference of waves

@ Constructive interference & Destructive interference

resulfing in a nodal line
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resufting in an antinodal line



Scattering onl
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scattered
neutrons

incident
neutrons

Reciprocal lattice vectors:
T=Ha + Kb" + Lc*

T is perpendicular to the (HKL) plane

27
d
Scattering vector:

It =

q=k-kK

Diffraction from the lattice planes happens only
whenq =Tt

from reciprocal lattice vectors
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Braga’s law

. Nobel Prize 1915
nA=2dsin 6

incident
angle
i

g reflected
angle
atornic
plane

atomic
plane

£ e + -] .
g
d sing W. L. Bra
1932 Encyclopaedia Britannica, Inc. gg 12




The Laue condition and the Ewald’s sphere
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Powder diffraction




Powder diffraction
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Dﬁffract_o‘heters

_ - Single-crystal.diffractometers

- Powder d/f[ract g eters

r 5 i"'

- Monochr NG .{,;m .t poi Chromatl beams

- Time- of—fllg_ techniques . = 1 ./
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Two-axis neutron diffractometer

Sam le » k

Incoming )29
neutron bean& Monitor % ) T Shtsf k' Q
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oowder diffractometer at the PSI
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Monochromator |

(PG or (u)

Sample

Detector

Beam stop

Sample table
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Time-of-flight neutron diffraction
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HRPD: TOF powder diffractometer at ISIS

sample position

High Resolution Power Diffraction
ISIS Neutron and Muon Source

Unused 2-mtr
sample position

Argon gas box

Low-angle '/ Backscattering bank

detector

bank Upstream monitor

Tank vacuum line

Jaws S id
upermirror guide Guide tunnel

7 - /'/ concrete “F-section”

90° North bank
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TOPAZ: single-crystal diffractometer at SNS
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