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Measurement temperature ranges of isobaric heat capacities (Cp) and thermal expansivities () of high-pressure
stable materials such as Earth’s mantle minerals are usually limited due to breakdown of the crystal structures, back
transformation to lower pressure phases or amorphization by heating at 1 atm. In this study, o and Cp at 1 atm and high
temperatures were theoretically calculated based on lattice vibrational information. Pressure dependences of vibrational
frequencies of the mantle minerals were measured by high-pressure micro-Raman spectroscopy using a diamond anvil
cell high-pressure apparatus. Thermal Griineisen parameter (yu) was determined by weighted average of mode Griineisen
parameters derived from the pressure dependence of the vibrational frequencies. The obtained ym was applied to o
calculation using the Griineisen relation equation. Furthermore, Cp was calculated by lattice vibrational model
calculation using the Kieffer model, in which the obtained a was used to calculate anharmonic contribution. The
calculated Cp values show good agreement with the measured ones. The series of calculations of @ and Cp enables us to
make reliable extrapolation of measured Cp and o data to higher temperatures than maximum measurement temperature.
Keywords: heat capacity, thermal expansivity, high-pressure Raman spectroscopy, Griineisen parameter, lattice

vibrational model calculation, Kieffer model.
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Fig.1 High-pressure Raman spectroscopy using a diamond
anvil cell high-pressure apparatus.
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Fig.2 Raman spectra of a-PbOz-type TiO2 observed at 1x104,
1.7,4.1 and 6.1 GPa.

900 T T T T T T T
e e a e
800 | |
700 | |
g JEEFPEERSY S S e T — %
- 600 D S e e g
b= T s e
@ 500 | Iy
c R e
£ et H i T
2
a 400 F ]
o I O
b
300F & .
= e |
[ P T R CS S —
s s
100 b—dt L ! . . . .
P/ GPa

Fig.3 Pressure dependences of lattice vibrational frequencies of
a-PbOa-type TiOx.
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Fig.4 Dispersion relations (a) and representation of vibrational
density of states using Kieffer model (b). TA1, TA2 and LA
represent two transverse and one longitudinal acoustic modes,
respectively. The rectangles labeled OC1 and OC2 are optic
continua. Lines E1 and E2 are optic modes treated as Einstein
oscillator.
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Fig.5 Comparison between isochoric heat capacity (Cr)
calculated using the Kieffer model and low temperature isobaric
heat capacity (Cp) measured by the thermal relaxation method 'V
of spinel-type Mg>SiOs (ringwoodite).
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Fig.6 Thermal expansivity (a) of spinel-type Mg2SiOs4
(ringwoodite). Solid curve shows o calculated by the method
described in the text. Open squares are a determined by high-
temperature X-ray diffraction measurements'?.
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Fig.7 Result of heat capacity calculation of spinel-type
Mg2SiO4 (ringwoodite) using the Kieffer model calculation. Solid
and dashed curves show calculated isobaric heat capacity (Cp) and
isochoric heat capacity (Cr), respectively. Open squares and open
circles are Cp data measured by the thermal relaxation method!?
and the differential scanning calorimentry,'” respectively. Inset
represents the vibrational density of states model of MgSiO4
ringwoodite.
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