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Lattice dynamics studies
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Vibrational spectroscopy: historical insight
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INS and IXS

The instrument INELAX at the HARWI wiggler line of HASYLAB.

Burkel, Dorner and Peisl (1987)

Brockhouse (1955)

Thermal neutrons: Hard X-rays:

B, = 25 meV . = 18 keV

k; = 38.5 nm! k;=91.2 nm!

AE/E = 0.01 - 0.1 AE/E < 1x10-7

large beams: few mm or larger small beams: 100 um or smaller
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silicon: (n n n) reflection \
0, = 89.98° \
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_ _ analyzer
Ad/d = AE/E = -a(T)AT silicon: (n n n) reflection
a = 2.58x10-¢ at RT 0, = 89.98°
A, fixed

SSRE: ID16 anoID28
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The dynamical structure factor
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Single crystal: selection rules
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Single crystal: selection rules
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Single crystal: selection rules
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Single crystal: selection rules
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Single crystal: example
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I. Scattering from polycrystals
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Scattering from powders

fcc

direction of momentum transfer is not _
lazzice

defined:
integration over shell with radius |Q]

low Q - lotﬂ/ave /i#(

orientational average of LA phonon energy
/linked to the elasticity/

v v 0 - pos itt?
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Scattering from powders
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Scattering from powders

direction of momentum transfer is not
defined:

integration over shell with radius |Q]

low Q - loﬁave /i#(

orientational average of LA phonon energy
/linked to the elasticity/

v v 0 - pos iitt?

intermediate QO — reminiscence of selection rules
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Something without modelling?
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Easy cases:

- very low momentum transfer

- very high momentum transfer
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Long wave limit

fcc lattice
Q—0: spectral shape determined by

elastic tensor only 1 o
A-V?=0 Ajk=pCijkzninz o

Christoffel’s equation

g(Q.E) — A<‘Q -u(n ,j)|28 (E-V,, Q‘)) 0
S(O,E,T) = g(Q,E')F(E,E',T)\ o

thermal factor
C, of diamond ”
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Average sound velocity?
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Large-Q limit: vibrational DOS
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Large-Q limit: vibrational DOS
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Large-Q limit: vibrational DOS

non-monoazomic sysZems:

oﬂ%e LeldVDOS is accessible
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o

out of the parabolic part: modeling must be employed for the quantitative treatment
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Intermediate Q:

(high-level) modeling is unavoidable
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Beryllium / isotropic polycrystal

- simple hcp structure PhD thesis:

- good scatterer Irmengard FISCHER, ESRF
- known phonon dispersion

plan of action:

take a model with a
simple parameterization
and refine it to the
powder spectra

(4]
o

Energy (meV)
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Momentum transfer (nm™)
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Beryllium: model refinement
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Beryllium: model refinement
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Comparative approach
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Graphite: reality
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(a) (b)  Direct observation of a
& Kohn anomaly in the

phonon spectrum of

graphene layers
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Stishovite

Experiment
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Stishovite: theoretical calculations
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Stishovite powder: experiment vs. theory
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Stishovite powder: experiment vs. theory
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Stishovite powder: experiment vs. theory

Experiment Calculation Difference
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Cross-check?
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Single crystal: pre-optimization

MODELLING
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Single crystal: pre-optimization
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All we can derive...
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All we can derive...

Ref. Cu Cs3 Ciz Cis Cus Ces B Vo
Weidner et | 453(4) | 776(5) | 211(5) | 203(4) | 2522) | 302(3) | 318 7.84
al., 1982
Brazhkinet | 466(4) | 775(4) | 207(8) | 204(4) | 258(2) | 310(6) | 321 7.97
al., 2005
Jiang etal., | 455(1) | 762(2) | 199(2) | 192(2) | 258(1) | 321(1) | 310 7.97
2009
this work 449 776 165 207 255 341 306 8.03

J%’ 72 (25;v5a el T.1 Dy e, oSt s. Dusry (2009), $cs of MBS AHER an L ?

AﬁJ J1.D. Bass, A.F. R:tﬂoob anSly. s:tﬂ‘rd%z), J. GeooWrs Res., 87, 4740-4746.
L. McNeil, M. G*nﬁgzﬂ /:atﬁ. Dyuz%, atg. L/z\yagiﬂzoow, it Pﬂ:

Co Mazzow 47 1869-1875.
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Poly-IXS + ab i#iao: applicability of approach

- moderately complex structure

- distinct inelastic features in the polycrystalline spectra
- similar scattering factors of constituents

- well characterized texture

Fine tuning of model?

- ab iﬂ% calculation

- simple parameterization mimicking the ab iﬂ% model
- tuning of adjustable parameters
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Projects of immediate interest

- geophysically relevant minerals
(Mg,Fe),SiO,: olivine, ringwoodite and wadsleyite
(Mg,Fe)SiO5: perovskite and postperovskite

- materials under extreme conditions
hcp iron
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Forsterite Mg,SiO,

28 atoms => 84 phonon branches
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Forsterite Mg,SiO,
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Half-way back to the single crystals?

- sharp axial texture
- spinning single crystal
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- smaller integration region } more complex structures
- less features in the individual spectrum can be treated?
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Casz study: calcite
i foltvaxis
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To be continued...
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