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mantle and planetary minerals
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Coupling HP and HT to Raman
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Pressure measurements

Ruby fluorescence: up to 150 GPa
Other fluorescent sensors Goncharov et al 1985
Raman sensors

Diamond peak up to 400 GPa
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Substance that has an incompressibility (or bulk modulus)
close to the pressure range you are studying



Goncharov et al 1985

Convenient because you do not
need to add another material in
the experimental chamber
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High temperatures
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High temperatures
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Radiance (arb. units)
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Wwhy do HP-HT Raman?

Follow structural transformations of materials
Probe the interaction potential of the crystal
Define P-T calibrants for DAC cell
Calculate thermodynamic properties
Relate it to geophysical issues

high-pressure phases in Earth

phase transformations in meteorites
fossil pressure



Upper mantle

Olivine : (Mg,Fe),SIO,
Pyroxene : (Ca,Mg,Fe)SiO,
Garnet : (Ca,Mg,Fe),(Al,Fe),Si,0,,

Transition zone
B-(Mg,Fe),SIiO,
y-(Mg,Fe),SiO,
(Mg,Fe)SiO;-ilmenite
Majoritic garnet

Lower mantle

(Mg,Fe)SiO;-perovskite The high-pressure phases of the transition
(Mg,Fe)O ferropericlase zone and Iower_mantle are inferre_d from
experiments, minerals observed in shock
vein melts of chondritic meteorites and
inclusions in diamonds

CaSiO;-perovskite
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Raman intensity (arbitrary units)

Raman spectroscopy
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Paleostress

Mineral inclusion
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Energy

Lattice potentials and vibrational levels

crystal = harmonic oscillator

dissociation energy

K
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Vibrational energy
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Energy

Lattice potentials and vibrational levels

dissociation energy
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Lattice potentials and vibrational levels

Energy
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Lattice potentials and vibrational levels

dissociation energy
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V({X,)) = 1/2f{X,)* + 1/6g,(X, )}
+ 1/24h (X, ) + -,

a(T) =a, — le(gﬂffé}kﬂT,
OH(T) = 03[ 1 — (§/23)ks T

Varying P and T allows exploring the potential parameters

and their variations with volume
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Vibrational frequencies 01 ————
vi(P,T,) and v,(P,,T)
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Mode anharmonicity

Vibrational frequencies 0.1 e

vi(P,T)

Anharmonic parameters
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intrinsic anharmonic shift

Intrinsic anharmonic parameters
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THERMODYNAMIC MODELLING

2ac.| lac. VIBRATIONAL DENSITY OF STATES
OF MgSiO,-PV
From Lu et al. (1994)
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Heat capacity (J/mol/K)
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THERMODYNAMIC MODELLING

w
[o)
£ 2
= 2ac| lac. VIBRATIONAL DENSITY OF STATES .
OF MgSiO,-PV
From Lu et al. (1994)
0
RAMA! '\
Q
51Mg 1> : N
Inlcrnal
-
T T l
0 100 200 300 400 500 600 700 800 900 1000
Wavenumber (cm’ ) =
o)
8 8 8 3 S ©
= 0 © <t Y

(,_wo) Aouenbaig

Raman spectroscopy gives a very partial sample of the vibrational density of
states, no account of the dispersion in the Brillouin zone

It is necessary to couple Raman and first-principles calculations for prediction of
thermodynamics, phase diagrams, isotopic fractionation,



intrinsic anharmonic shift

Intrinsic anharmonic parameters
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Phase transitions
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Stishovite
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Critical softening at high order
phase transition
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phase transition
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Raman intensity

Metastable transformations

Mg,GeO, Reynard et al 1994
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Mirror effects of Pand T

Heating of HP phase at room P
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Should we keep doing Raman
spectroscopy on solids at HP and HT?

Intensity
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Should we keep doing Raman
spectroscopy on solids at HP and HT?

Intensity
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Why not...

Easy to use technique

exploratory experiment before synchrotron runs or before
using a more cumbersome technique (Brillouin, ...)

Coupling with first-principles calculation necessary
Raman data provide a benchmark for extending predictions
of elastic, thermodynamic and transport properties (thermal

conductivity)

Complex systems (fluids, melts, ...)
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