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codes for quantum mechanical materials modelling, 
based on DFT, plane waves, and pseudo-potentials 

• innovation — QE is the workbench of many methodological 
innovations in electronic-structure theory (CP, DFPT, tdDFPT, … ) 

• portability — QE is available on many different hardware 
architectures and operating systems 

• performance — QE is extremely effective on a broad array of 
systems, ranging from laptops to supercomputers

the defining features of 
QUANTUM ESPRESSO are:
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Heat and charge transport in H2O at ice-giant
conditions from ab initio molecular dynamics
simulations
Federico Grasselli1,4, Lars Stixrude 2 & Stefano Baroni 1,3✉

The impact of the inner structure and thermal history of planets on their observable features,

such as luminosity or magnetic field, crucially depends on the poorly known heat and charge

transport properties of their internal layers. The thermal and electric conductivities of dif-

ferent phases of water (liquid, solid, and super-ionic) occurring in the interior of ice giant

planets, such as Uranus or Neptune, are evaluated from equilibrium ab initio molecular

dynamics, leveraging recent progresses in the theory and data analysis of transport in

extended systems. The implications of our findings on the evolution models of the ice giants

are briefly discussed.
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from the supermarket shelf up to the heavens

what are the giant icy planets made of?

Uranus

P=175 GPa 
ice X
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transport properties of their internal layers. The thermal and electric conductivities of dif-

ferent phases of water (liquid, solid, and super-ionic) occurring in the interior of ice giant

planets, such as Uranus or Neptune, are evaluated from equilibrium ab initio molecular
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extended systems. The implications of our findings on the evolution models of the ice giants
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QUANTUM ESPRESSO towards the exascale

porphyrin@CNT 
1,500+ atoms 
3,200+ electrons 
2.4 × 106 PWs
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