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Applications of Diffraction

material specification: multiphase

structure/volume information as a function of
temperature, pressure, light illumination, e.g

complementary information to X-Rays
(nuclear density vs. electron-density)

localization of light atoms in the presence of heavy ones
such as Uranium

neighbored atoms in the periodic table may be
distinguished

Isotope effects (e.qg. H/D, B11,...)




The Diffraction Method

cross-section for diffraction

reciprocal lattice and Ewald sphere construction

structure factors and Bragg intensities
Debye Waller factor as a correction example

magnetic diffraction

FOR MORE INFO...

G.L. Squires, Thermal Neutron Diffraction, Dover 1996




Diffraction Setup
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Diffraction Method....

We are using;:

elastic scattering function S
(momentum transfer q=k’-k, energy transfer ®=0)

Born approximation: system undisturbed
sample size 1s indefinite

point symmetry of atoms
yielding 3-dimensional symmetry (International tables)
periodicity in real space: basic vectors a,,a,,a;

reciprocal space and Ewald sphere as a convenient
definition




Elastic Scattering Function

T

no energy transfer

scattered neutron with direction k’




Scattering Density:
continuos -> atoms -> lattice
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Structure Factor:
From the Continuum to Discrete Atoms
D

<E'|v |E>=?

2

RAGLE

V (r) = p(r)

V(rRj)=0
atoms

e )= 57 3 0
j
b;: scattering “power”

Integral over p(r) sum over all atoms j R,




R: Separation in Translation and Unit Cell Parts
D

RJ.: Ryt I,
translation symmetry
— * & %k
Rp = hy*a; + hy*a, + hy*a,

a,,a,,a, lattice constants
h1l,h2,h3 Integers

Rh1h2h3

atoms within unit cell
_— * * *
(02 x;,y;,;2 1)

position of atom j within the unit cell




And Finally:
D
JP(F) : ei(E—E').}d‘r’

zzjaume :E:wnms . uk k)(Rmmm}Hj) EE: .
h1h2h3 g! (k=

hih2h3,]

—F

maximal if n-2n=integer

(wave superposition)
yields

Laue conditions

Ewald sphere construction




A Convenient Tool:
Reciprocal Lattice and Ewald-Sphere

maximal if exponent is n2n
R (wave superposition)
| (K—K")Rh1n2n3 =
e Laue conditions
Ewald sphere construction

use reciprocal space:

ai-aj* =2 i
0]§

— d2Xas d2Xas
ar*=2r =————=21-
ai-(axxas) Vit

—_ % * sk * * *
Qp =h*a;” + k*a,” + I*a,




Symmetry: An addional help

Greek Geometry (Euklid)
Existence of symmetry was known,

(example: Mirror plane between
figures)

A-M. Legendre (Lectures 1794)
Définition XVI:




Corrections: Debye Waller as an Example
D

Oscillator around Fj(t) :Fj(t):FjJrAFj(t)

to calculate :

[ p(r) e dr = J p(r) e g ity




Corrections: Example Debye Waller
(step by step calculation)

D
J- ei(E_Ev)'ﬁdF _ Zlattice Za;toms eﬁ(ﬁhk1+Fj) i eﬁ-ﬁhklbjeﬁ'Fi(t)

hkl

Al’j2

Vibrating : 1j(t) = rj + Ar;(t) <q .
3

2
q-Ar> =q’-Ar’ -<cos2 9 -sin’ gp>:q2

0= sino

giaAni(® :1+i<a%>—l-<(aﬂ?j)2>+... A . .
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Example : V=1- W+7—

to calculate: e"@"1® =g rightAri®

AI’
isotrop : AX® = AX® = Ax> ==L

-W

*—‘k’)ﬁdr _ Z'aﬂice Zatoms eia(ﬁthFj) _ eia.ﬁhklbjeia.h e
j

hkl




Ea3|er Foldlng Functions |n Real Space

Foa = jp(r) gl

ri(t) = i+ Ari(t)
' i(k—k"-Arj ¢~
Fhkl — Fhkl _[ € dr

1sostropic:
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_ g’ Arj _8z’sin’ @ Ar;
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Magnetic Scattering.(I)

f=—uy(L+28)  —— fy

where

—~

ra\

S : spin angular momentum operator

Field of a single electron with speed ve :

=1 X p : orbital angular momentum operator

v : gyromagnetic ratio
c : speed of light
¢ : electron charge

o : Pauli spin operator

)o(C ) )




Magnetic Scattering. (l11)

lattice

FM(qhk|) th Z?toms bl\/lj(ahm).ei'aFj .Tj(ahkl)
bMJ(qhkl) = ? fMj(ahkl ) o aij(ahkl)

€

by : magnetic scattering amplitude

fy - magnetic form factor

Tj(ahkl) . Debye Waller
;g ; spin of sampling neutron
m Lj(ahm) : projection of magnetic moment m,

to the z - axis (perpendicular to 12, 12')




Magnetic Scattering (111)

fMj(ahkl): _[ Mj(F)ei'aFdF

unit—cell

with the normlised magnetization density
f (= [ M(n-dr=1.

unit—cell

magnetic form factors [ ]




Magnetic Diffraction:
Calculated Powder Patterns
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calculated structures Nuclear ]

nuclear: NaCl-type - AF
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Nuclear and Magnetic: The Sum

unpolarised neutrons : incoherent superposition :

I(ahkl>:“:n + Fm‘2 z“:n‘2 +‘Fm‘2 - I

+ |

nuclear magnetic

polarized neutrons: coherent superposition :

incoming neutrons: spin up (+) or down (-)
L, B 2 2 2
I (qhkl)_ |:n il:m _ Fn‘ + Fm‘ iz“:n Fm‘
flipping ratio can be changed




Elastic Diffuse Magnetic Scattering from
Paramagnets:  Example Yb3*

Yb3t: S=1/2, L=3, J=7/2

Dipole approximation:
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fdiffuse(q) = <Jo(q)>+

JAJ+D+L(L+1)-S(S+1)
3J(J+D)-L(L+D+S(S+1)
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Idiffuse ~ fdiffuse
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pegem T . I
0.1 0.2 4, 03
cf. J. Brown, Int.Tables for Crystallography C (Kluver 1992) p.391 sin(e)/x [A ]

o
o

o
o T

(j,(@)) : calculated by relativistic Dirac — Fock Approx.

79 13
) ) 55t 34 - ) Ref.: P.Fischer in: Magnetic Neutron Scattering, Ed. A. Furrer,
fg = <Jo> + < Jz> "9 3 World Scientific (1995), Singapore, ISBN 981-02-2353-6

3.2 _ 34 4+ =2
22 22




Experiment

Iobs (ahkl)

2

Icalc(ahkl) ==, (ahkl
F(ahkl) = ‘F(ahkl @'




Diffraction Instruments at PSI

D
HRPT
high resolution powder diffraction
DMC
medium resolution high intensity
powder diffraction

* TriCS
single crystal diffraction




Diffraction Instruments at

DMC HRPT TriCS

Powder Diffractometer Powder Diffractometer S|ng|e Crysta| Diffractometer
Cold Neutrons Thermal Neutrons thermal neutrons

A>2A LA>A>25A
i’ A=118A 2.3A




Ce,Cu,Sh,: Powder Diffraction at DMC

1(2K) - 1(18K) calc

1=2.556A -~ difference
DMC/SINQ I
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T. Herrmannsdorfer et. al., Solid State Comm. (sub. 1999) Ce atoms plotted only!




Adjustable slits
Collimator (optional)

Collimator

Slits on disk

Single detector

Area detector

TriCS Layout

Beam Shutter

Collimators

Si-Filter Nz-cooled

Shutter
‘Monitor

" PG-Filter (opiona

Nose
_Sample/Eulerian-Cradle

Beam stop

Radial collimator

Tilting mechanism




