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Notation 

 

Â Operator A 

χ , χs Response function 

χµ Basis set function 

χp Primitive basis function 

∆ Laplacian 

∇ Nabla 

ε0 Permittivity of vacuum 

e Electron charge, exponent 

E Energy 

Exc Exchange-correlation funcional 

ħ Planck constant 

Ĥ Hamiltonian 

J Coulomb electron-electron repulsion 

m Electron mass 

M Nuclear mass 

n In a summation, the number of electrons  

N In a summation, the number of nuclei 

Ψ Wavefunction of a system 

φ Kohn-Sham orbital 

ρ Electron density 

r Vector position of electrons in space. 



  

r i Position of electron i 

r ij Distance between electrons i and j 

R Position of the nuclei 

RI Position of nucleus I 

RIJ Distance between nuclei I and J 

•
R  First time derivative of R 

••
R  Second time derivative of R 

t Time 

T Kinetic energy  

V Potential energy  

Z Atomic number 

Eeff Effective potential 

νext External potential 

Pµν Density matrix 

Ω Volume of the unit cell 

G Reciprocal lattice vectors 

s(x) Collective variable  

h Height of the bias potential 

w Width of the bias potential 

τg
-1 Deposition rate of the bias potential 

  
 



 

 

Preface 
 

Fossil fuel is among the most important valuables for the 

developed and the developing world. Since the industrial revolution its 

use and demand has been growing exponentially, arriving to the point 

where limitations to its availability can be expected within less than 

three decades, in the most optimistic analyses. 

Even more worrying than this possible lack of primary energy 

supply are the environmental consequences of society moved by 

carbon-based fuels. The biosphere is not able to assimilate the vast 

amount of CO2 released into the atmosphere by burning fuel. 

For these reasons a transition to carbon-free or carbon-neutral 

primary energy carriers is urgent. What could be the best solution? 

Probably there is not a universal solution. It is not a competition for the 

best, first or quickest scientific development. The society has a problem 

and the scientific community should do its best in order to solve it. 

In this framework one interesting direction is the development of 

an efficient device to perform the water splitting process in order to use 

hydrogen as a clean fuel, an “artificial leaf”, by which the conversion of 

solar energy into chemical energy on a large scale may become reality. 




