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Experiment                              Theory(SCAN+rVV10)

Even though both equilibrium interlayer 
distance and binding energy follow the 
experimental trend, there are important 
differences in the ground state electronic 
density.



Background and motivation

                                                                                  Nature Materials 17:249 (2018)
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Houston, we have a problem!
Medvedev, et. al. Science 355, 49-52(2017)

                                                                                                       

                                                                                           

                                                                                                            Mendeleev Commun., 2018, 28, 225–235

“The reproduction of the exact energy is not a characteristic of the exact 
functional unless the input electronic density is exact as well.”
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Measuring the accuracy of the electronic 

density

Two main groups of methods: 

● Metrics based on integrals of the density:

 Density moments, Total kinetic energy.

 Problems can arise due to possible cancellation of errors!

● Metrics based on point to point measurements. (Local values)
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Measuring the accuracy of the electronic density

Some metrics based on point to point comparisons:

Root mean-square deviation

Integral squared deviation.

Integral absolute deviation.

P can be any local descriptor such as the density, norm of the gradient, the laplacian, 
etc…                                                                         Mendeleev Commun., 2018, 28, 225–235 9



2. Two theorems for n(r) and G(r) in finite 
systems.

    Kinetic energy density:                      Kinetic energy per particle:
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2. Two theorems for the single particle density in 
finite systems.

From Kato’s theorem (Kato cusp condition):

Communications on Pure and Applied Mathematics. 10 (2): 151–177 (1957)
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2. Two theorems for the single particle density in 
finite systems.

From Hoffmann-Ostenhof theorems for the asymptotic behavior of the 
multi-electronic wave function of finite coulombic systems:

J. Phys.B: Atom. Molec. Phys., 11:17 (1978), Chem. Phys. Lett. 258:30 (1996)
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3. Computing the asymptotic behavior of G(r) in 
ABINIT for atoms and molecules. 
First some reference calculations: Ne atom CCSDT (ACCT) in GAMESS
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I=0.7925 Ha
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ecut=80 Ha
acell=3*15 A
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4. Conclusions and perspectives.
● It is possible to obtain a reasonable behavior of G(r) within the ncpp + 

plane-waves framework for finite systems if a fine enough k sampling is used.
● Since τ in real space is an input for meta-GGA functionals it is important to add k 

points convergence studies when dealing with finite systems (i.e. adsorption of 
molecules on surfaces).

● G(r) can play an important role in the benchmarking of vdW self-consistent 
functionals from the density point of view.

● What could be the effect of the Coulomb truncation methods (from the last talk) 
on the asymptotic behavior of G?

● What is the meaning of the limit of G in extended systems (2D materials, 

surfaces)??     
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Thank you for your attention!
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Appendix  

QTAIM Basics (Bader and Co)
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QTAIM Basics (Bader and Co)

Poincaré-Hopf relationships:
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