Modern density functional approximations are
ill-designed to compute molecular properties
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ABSTRACT

We show that properties of molecules with low-frequency modes calculated
with density functional approximations (DFAs) suffer from spurious oscillations
along the nuclear displacement coordinate [1]. Occasionally, the problem can
be alleviated using extensive integration grids that compromise the favorable
cost-accuracy ratio of DFAs. Since spurious oscillations are difficult to predict
or identify, DFAs are exposed to severe performance errors in IR and Raman
intensities and frequencies and other molecular properties [2]. Using Fourier
spectral analysis and digital signal processing techniques, we identify and quan-
tify the error due to these oscillations for 45 widely used DFAs, and indicate
whether the exchange or correlation functionals are responsible for it [3]. Fi-
nally, we show that spurious oscillations occur because the exchange-correlation
energy functionals are ill-designed, exhibiting local spurious oscillations in the
exchange-correlation energy density. We present a judicious modification of
B97 and wB97XD functionals, which drastically reduces spurious oscillations
preserving the accuracy of the original functionals. The latter strategy can be
applied to the design of modern DFAs that do not suffer from this problem.
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