
work function 
 
This document explains how to calculate the work function of a surface, using Quantum Espresso. 
 
The example case is the (001) surface of fcc aluminum, modeled by a slab with 3 layers of atoms and 3 layers 
vacuum. This is way too small to model a real surface (e.g. there is not a single atom in this slab that will feel 
itself to be in a bulk situation), but it gives a relatively fast example to calculate. All atoms in the slab are at 
their ideal bulk positions, no position optimization is done (which should be done when you want to calculate 
an accurate work function). 
 
Rather than producing a Quantum Espresso input file for the surface cell starting from the unit cell of bulk 
aluminum (which could be done, no problem), you’ll get right away a cif file for this surface slab: 
 
data_global 

_cell_length_a    2.854964 

_cell_length_b    2.854964 

_cell_length_c   12.112595 

_cell_angle_alpha   90.000000 

_cell_angle_beta    90.000000 

_cell_angle_gamma   90.000000 

_symmetry_space_group_name_H-M         'P 1' 

_symmetry_space_group_number  1 

 

loop_ 

_symmetry_equiv_pos_as_xyz 

  'x,y,z' 

 

loop_ 

_atom_site_label 

_atom_site_type_symbol 

_atom_site_fract_x 

_atom_site_fract_y 

_atom_site_fract_z 

Al001  Al  0.00000000  0.00000000  0.33333333 

Al002  Al  0.50000000  0.50000000  0.50000000 

Al003  Al  0.00000000  0.00000000  0.66666667 

 

Visualize this cell, and convince yourself that 
this is indeed a (001) surface for a fcc lattice 
with a lattice parameter of 4.037529 Å (if 
you would build this supercell yourself, 
there is a fair chance you might have found 
a cell with twice as many atoms for the 
same surface, i.e. a supercell – the one 
given here is the smallest possible cell for 
this slab). 
 
Convert this into input for Quantum 
Espresso, with this pseudopotential, 
ecutwfc=60 Ry, ecutrho=300 Ry and a 
25x25x5 k-mesh.  
 
Run this calculation (it will take 5-10 
minutes).  
 
 
 
 

Why a x5 in the k-mesh and not a x25? 
 
The bulk fcc Al crystal was tested before to be numerically 
converged with a 25x25x25 k-mesh. Imagine you are still 
modelling bulk fcc Al, but with a unit cell that that is a stack 
of 6 fcc cubes (no vacuum yet). The first Brillouin zone of 
that larger cell with be 6 times shorter in the direction that 
corresponds to the stacking of unit cell boxes. That means 
that 25 mesh points in that direction would be 6 times 
nearer together. This would make your calculation more 
precise, but a mesh with the orginal spacing was already 
tested to be sufficient. Hence, you spend too much 
calculation time. Therefore, by taking only 1/6 of all k-points 
in that direction, you’ll sample the Brillouin zone equally 
well as for the original cell with 25 k-points. 25/6 is not an 
integer number, so take the first higher integer, which is 5. 
A 25x25x5 k-mesh gives us the same numerical quality for 
this large unit cell than a 25x25x25 mesh did for the original 
cell. This does not change when 3 layers of atoms are 
deleted – the size of the first Brillouin zone is determined by 
the dimensions of the cell, not by the atoms inside. 

http://www.quantum-espresso.org/upf_files/Al.pbe-n-kjpaw_psl.1.0.0.UPF


Then prepare this input file for pp.x , and give it any name you want (we’ll call it ppinput.in in this document): 
 

 
 
The ‘prefix’ should be the same as the one you used for the pw.x calculation. plot_num=11 means that the file 
‘filplot’ will contain the sum of the potential due to the nuclei and the Hartree potential (cfr. The Kohn-Sham 
equations). In principle, one would want here to have the exchange-correlation potential added as well (that 
would be plot_num=1). However, this is a small contribution that needs a long distance to converge to its 
vacuum limit. Therefore, one makes often a larger error by including it than by omitting it.)  
 
With iflag=3 we ask to produce output in three dimensions, in a particular format specified by 
output_format=3. As visualization is not our prime concern here, the &PLOT block is not very important. 
 
Now run pp.x (the name of the output file can be freely chosen, we’ll call it ppoutput.out here): 
 
pp.x -input ppinput.in > ppoutput.out 
 
The file specified by filplot (reduced.plot in this document) now contains the potential for every point of the 
unit cell (including for every point of the vacuum above the slab, which is part of the unit cell too). What we 
need for a work function calculation, is the value of the potential in the vacuum at a large distance above the 
surface. The largest distance to the surface, is in the center of the vacuum region – equally far away from the 
surface ‘below’ and ‘above’. 
 
If we are really far away from the surface, it will not matter where exactly in the plane halfway the vacuum we 
consider the potential: it will have the same value everywhere in that plane. But our slabs will often not be that 
large that this is true. Therefore, we better average the potential over that plane. That is done by using the 
Quantum Espresso program average.x . This is how an input file for average.x looks like (let’s call it average.in 
here): 
 
1 
reduced.pot 
1 
600 
3 
3.8149 
 
The first and the third line should always be ‘1’ for this application (the first line is the number of files that will 
be averaged, and the third line is the weight of each file – we are working here with one file only). The second 
line is the  name for the file that contains the quantity you want to average, which in this case is the 
reduced.pot file that contains the potential you just calculated. 
 
The average.x program will ask you in the 5th line over which plane you want to average the potential (see 
hereafter). It will then make a large number of slices through the unit cell, always parallel with the chosen 
plane. The potential will be averaged within each of these slides.  
 

http://www.quantum-espresso.org/wp-content/uploads/Doc/INPUT_PP.html#idm24


The number of slices is specified by the 4th line (in our example, the unit cell has a length corresponding to 6 
bulk layers of aluminum – if you take 100 slices between two subsequent layers, then you can follow the 
average with a good spatial resolution. Whence the 6x100=600 in the input file. It is always wise to test this: a 
plot of the averages along the unit cell should not change if the slices are taken closer to each other. 
 
The 5th line contains the variable ‘idir’, which specifies the orientation of the plane – all slices will be taken 
parallel to that plane. The way of defining this is a bit cryptic: 
 
idir = 1 : the chosen plane is parallel to the plane spanned by the lattice vectors b and c 
idir = 2 : the chosen plane is parallel to the plane spanned by the lattice vectors a and c 
idir = 3 : the chosen plane is parallel to the plane spanned by the lattice vectors a and b 
 
As we need for the work function the average in a plane parallel to the surface, we must make sure we use a 
supercell where two lattice vectors span a plane that is parallel to the surface. Otherwis this averaging 
procedure will not give us a useful number. In our example, the plane spanned by the a and b lattice vectors is 
parallel to the surface, and therefore idir=3 is the right choice. 
 
The 6th line contains another parameter to eliminate spurious effects. The sequence of averaged potential 
values will often show small oscillations, due to interference effects between the two surfaces that border the 
vacuum. These are artefacts : for a true surface there is only vacuum above, hence we don’t want these 
oscillations. Therefore, we will average the potential averages over several slices. A typical size for the number 
of slices, is the distance between two layers (in atomic units). In our example, this is 2.0187 Å or 3.8149 au. 
 
Now you can run average.x (specify an output file with the name of your choice, here it is called average.out) : 
 
average.x -input average.in > average.out 
 
This will produce apart from the output file average.out also the file avg.dat, with three columns: 
 

• The distance in au along the line through the unit cell 

• The potential averaged over the slice through that point 

• The averages over all slices within the given value (3.8149 au), where the current point is at the center 
(i.e. we average over all slices that are 3.8149/2 au before and after the current point). This is a sliding 
window type of averaging. 

 
These two snapshots show the beginning and the center of the unit cell : 
 

 
 
 



Center of the unit cell: 
 

 
 
And this is a plot of the two averages along the unit cell: 
 

 
 
Now we come to our final answer for the potential in the vacuum: as the center of the vacuum in our example 
was at r=0 (or equivalently at the maximal value of r), we can read the potential in the vacuum as the first (last) 
value of the third column of the output of average.x : 0.4615 Ry. 
 
 
 
 
 



Calculating the work function is now straightforward: 
 
Read the Fermi energy from the output file of the slab calculation: 
 

 
 
work function = potential in the vacuum minus Fermi energy of the slab  
  = 0.4615 * 13.6058 – 1.845 eV 
  = 4.4 eV 
 

Given our quite crude approximations, this is not far away from the experimental value for the work function of 
aluminum, which is 4.06 to 4.26 eV (https://en.wikipedia.org/wiki/Work_function) 
 

https://en.wikipedia.org/wiki/Work_function

