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Planetary Interiors
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Regions of the Earth's Interior

Figure by MIT OCW.Alfe’ and Gillan, Nature ’98, ’99, ‘00



Earth’s core

• 30% of mass of the planet
• Mainly iron (star nucleosynthesis) – the liquid 

outer core is slightly less dense (light impurities: 
S, O, Si, H ?)

• Pressure ranges 100-400 GPa, temperatures 3000-
7000 K (?)

• Liquid-solid boundary: 330 Gpa (seismic waves)
• DAC: 300 GPa @ 300K, 200 Gpa @ 3700K 
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GGA-DFT Iron
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Figure by MIT OCW.



Melting Point

Tm

G
ib

bs
 fr

ee
 e

ne
rg

y

Temperature

Fixed Pressure

Liquid

Solid

May 10 2005     3.320 Atomistic Modeling of Materials  -- Gerbrand Ceder and Nicola Marzari



Thermodynamic integration (I)
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Partitioning the free energy
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Harmonic Term
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Anharmonic Term
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Reference System
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Shock Hugoniot
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Taking the temperature…
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Force Matching Method

Graph and diagram removed for copyright reasons.
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Laio et al, Science ‘00



Neptune and Uranus

• Middle ice layer: methane, ammonia, and 
water in solar proportions

• From 20 GPa/2000K to 600 Gpa/8000K

Ancilotto et al, Science ‘97

May 10 2005     3.320 Atomistic Modeling of Materials  -- Gerbrand Ceder and Nicola Marzari



A rain of diamonds ?

Diagrams removed for copyright reasons.

Source: Figure 1 in Ancilotto, F., et al. "Dissociation of Methane into 
Hydrocarbons at Extreme (Planetary) Pressure and Temperature."  Science
275, no. 5304 (Feb. 1997): 1288-1290 .
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Image removed for copyright reasons.

From Benedetti et al, 1999.

Experimental confirmation that hydrocarbons and diamonds 
could both form methane at planetary conditions came from a 
diamond-anvil experiment at UC-Berkeley by Jeanloz et al.
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Superprotonic Water
Cavazzoni et al, Science ‘99
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Courtesy of Erio Tosatti. Used with permission.



Image removed for copyright reasons.

Scan of paper: Goncharov, A.F., et al. "Dynamic 
Ionization of Water under Extreme Conditions." 
Physical Review Letters 94 (April 1, 2005).
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Pairing in dense alkali

Graph and diagram removed for copyright reasons.

Figure 5 in Neaton and Ashcroft, Nature 1999.
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