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Table S1. Comparison of the results of FeO2 and FeO2He in this study with previous results.   

FeO2 

P (GPa) T (K) a (Å) V (Å3) ρ (g/cm3) <Fe-O> (Å) <O-O> (Å) O-Fe-O (°) Fe-O-O (°) Method Reference 

76  4.363 83.04 7.026     Exp 

Hu et al., 2016 
76  4.331 81.23      Sim 

76 273    1.792 1.937 95.6 99.1 Exp 

76 0    1.781 2.077 96.52 96.28 Sim 

76     1.808 1.896 95.26 99.92 Exp 
Hu et al., 2016 

Jang et al., 2017 

76  4.364 83.115      Exp Lu et al., 2018 

76  4.364 83.104  1.787 2.232   Sim Lu et al., 2018 

76 0 4.364 83.105 7.021 1.794 2.104 96.581 96.659 Sim this study 

∆ (%) 0~0.76 0~2.31 0.07 0.11~0.77 1.30~10.97 0.06~1.39 0.39~3.26   

119   76.21  1.75 1.99   Sim Shorikov et al., 2018 

119 0  76.678  1.755 1.995   Sim this study 

∆ (%)  0.61  0.29 0.25     

FeO2He 

P (GPa) T (K) a (Å) <Fe-O> (Å) O-Fe-O (°) Fe-O-Fe (°) Method Reference 

135 0 4.32 1.87 70.53 109.47 Sim Zhang et al., 2018 

135 0 4.32 1.87 70.53 109.47 Sim this study 

∆ (%) 0 0 0 0   

Exp = Experiment; Sim = Simulation. 



 

Fig. S1. Crystal structures of (a) FeO2 and (b) FeO2He. 
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Fig. S2. Enthalpy of FeO2 and FeO2He at different pressures. 
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Fig. S3. Phase diagram of FeO2 and FeO2He at high temperature and high pressure. The 



melting line of FeO2 and FeO2He are obtained by the empirical formula based on the 

elastic constant (Fine et al., 1984), and the relationship between the melting point and 

the elastic constant for the cubic system is 𝑇𝑚 = [553𝐾 + (5.91𝐾/𝐺𝑃𝑎)𝑐11] ± 300𝐾. 

Geotherm data for the normal mantle and cold slab are derived from Litasov and Ohtani 

(2002) and Duan et al. (2018). The stable boundary data of pyrite type FeO2 are derived 

from Zhang et al. (2017). 

 

Fig. S4. Bond length and bond angle of (a) FeO2 and (b) FeO2He at different pressures. 

 

Fig. S5. Energy band structure of FeO2 at different pressures. The red horizontal dashed 

line represents the Fermi level position (level = 0 eV). 
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Fig. S6. Energy band structure of FeO2He at different pressures. The red horizontal 

dashed line represents the Fermi level position (level = 0 eV). 



 

Fig. S7. Density of states of FeO2 at different pressures. The black vertical dotted line 

represents the Fermi level position (level = 0 eV). The double peaks at -90–-80 eV and 

-60–-50 eV at 0 GPa are generated by spin-up and spin-down electrons, respectively. 



 

Fig. S8. Density of states of FeO2He at different pressures. The black vertical dotted 

line represents the Fermi level position (level = 0 eV). 
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Fig. S9. Population analysis of FeO2 and FeO2He at different pressures. A positive value 

represents the loss of electrons and a negative value represents the gain of electrons. 



 

Fig. S10. (a) Electron density (left), (b) electron density difference (middle) and (c) 

electronic local function (right) of FeO2 at different pressures. The red represents 

getting electrons and the blue represents losing electrons in the electron density 

difference. 



 

Fig. S11. (a) Electron density (left), (b) electron density difference (middle) and (c) 

electronic local function (right) of FeO2He at different pressures. The red represents 

getting electrons and the blue represents losing electrons in the electron density 

difference. 
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Fig. S12. Poisson's ratio and Pugh ratio of FeO2 and FeO2He at different pressures. 
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