
DFT PERFORMANCE WITH 

NUCLEIC ACID BASE PAIRS 

 

Here is another benchmark of the performance of DFT in handling difficult 

situations, in this case the interaction between nucleic acid base pairs. Sherrill
1
 has 

examined the 124 nucleic acid base pairs from the JSCH-2005 database
2
 compiled 

by Hobza and coworkers. This database includes 36 hydrogen bonded complexes, 

and example of which is shown in Figure 1a, and 54 stacked complex, one 

example of which is shown in Figure 1b. 
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Figure 1. Optimized geometries (RI-MP2/cc-pVTZ) of two representative structures of base 

pairs: (a) hydrogen bonded pair and (c) stacked pair. 
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The energies of these base pairs computed with four different functionals: PBE, 

PBE-D (where Grimme’s empirical dispersion correction
3
), and the recently 

developed MO5-2X
4
 and MO6-2X

5
methods which attempt to treat mid-range 

electron correlation.  

The aug-cc-pVDZ basis set was used. These DFT energies are compared with the 

CCSD(T) energies of Hobza. The mean unsigned error (MUE) for the 28 hydrogen 

bonded complexes and the 54 stacked complexes are listed in Table 1. 

Table 1. Mean unsigned error (kcal mol
-1

) of the four DFT 

methods (relative to CCSD(T)) for the hydrogen bonded and stacked base pairs. 

 

method MUE (HB) MUE (stacked) 

 

PBE 2.59 7.57 

PBE-D 0.70 1.53 

MO5-2X 1.98 2.59 

MO6-2X 1.62 1.08 

 

A few interesting trends are readily apparent. First, PBE (representing standard 

GGA DFT methods) poorly describes the energy of the hydrogen bonded 

complexes, but utterly fails to treat the stacking interaction.  

http://comporgchem.com/blog/?p=107#sherrill3
http://comporgchem.com/blog/?p=107#sherrill4
http://comporgchem.com/blog/?p=107#sherrill5


Inclusion of the dispersion correction (PBE-D) results in excellent energies for the 

HB cases and quite reasonable results for the stacked pairs. Both of Truhlar’s 

functionals dramatically outperform PBE, though MO5-2X is probably still not 

appropriate for the stacked case. 

MO6-2X however seems to be a very reasonable functional for dealing with base 

pair interactions, indicating that mid-range correlation correction is sufficient to 

describe these complexes, and that the long-range correlation correction included 

in the dispersion correction, while giving improved results, is not essential. 

 

 

Source: http://comporgchem.com/blog/?p=107 


