
ON THE ACCURACY OF DENSITY FUNCTIONALS IN 
DESCRIBING TRANSITION METAL SURFACE PROPERTIES

Lorena Vega, Judit Ruvireta, Francesc Viñes and Francesc Illas
Departament de Ciència de Materials i Química Física, and l'Institut de Química Teòrica i Computacional (IQTCUB),
Universitat de Barcelona, C/Martí i Franquès 1, 08028 Barcelona, Spain.

V
Nb 
Ta
Cr

Mo
W 
Fe

Rh
Ir 
Ni
Pd

Pt
Cu 
Ag
Au

Sc
Y 
Ti
Zr
Hf
Tc

Re
Ru 
Os
Co
Zn
Cd

5 Functionals

VWN

PBESOL

PBE

RPBE

TPSS

Slab model with boundary
conditions in x, y, i z.

Surface Energy (γ): Work Function (ϕ): Interlayer Distance (#$%):
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Structure 3 Surfaces Wulff Constructions[1]Simulation

Body-centered
cubic (bcc)

Face-centered
cubic (fcc)

Hexagonal close 
packed (hcp)

Most stable lowest Miller indexes surfaces
with a maximum index order of 1 are
considered. Miller−Bravais indexes are
employed in the case of hcp TMs.

Obtained by the stability of the
studied surfaces. They are
used to make a weighted
average of the values.

Exchange and
correlation (xc)
DFT functionals.

Object

Necessary energy to create a surface. Necessary energy to bring an electron from the last
occupied level (Fermi energy, EF) to the vacuum (V).

Distance between layers after the surface is created
and relaxed.

ϕ = V − E*γ = E+,-. − N · E.1,2
2 · Area

• Wulff shapes provides better results for surface energies and although not for the work functions, the
polycrystal data is more representative than the single values due to the small amount of data.

• Jacob's ladder is not followed by TM surface properties. See in the table below the best functional, according
to MAPE average values, for each surface property.

• Taking into account bulk[3] and surface properties, the best functional is PBE closely followed by PBESOL. For
pure surfaces properties PBESOL is advised.

Comparison of the linear fits between calculated (calc) and experimental
(exp) surface energies for the different explored xc functionals. The top
panel considers only the most stable surface, γ89:8, whereas the bottom
panel compares Wulff-shape-averaged values, γ;<:==

89:8 .

Comparison of the linear fits between calculated (calc) and
experimental (exp) work functions for the different explored xc
functionals. The top panel considers only single-crystal data, ϕ89:8 ,
whereas the bottom panel compares polycrystal data with Wulff-
shape-averaged values, ϕ;<:==

89:8 .

Comparison of the calculated interlayer distances, #$%>?@>, to
experimental data, #$%

BCD , as calculated and adjusted to linear
regression for each functional.

Summary of xc functional
accuracy in describing bulk
and surface related
properties according to the
sum of Mean Absolute
Percentage Error (MAPE)
values.

6 layers slab model before relaxation (# ′$%) and after relaxation (#$%),
respectively.
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The study evaluates the accuracy of some widespreadly used Density Functional Theory (DFT) functionals in calculating different surface properties, as the surface energy, the
work function, and the interlayer distance, following the next workflow.
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