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Quantum-chemical calculations of the vibrational spectra for large molecules, such as 
polypeptides or clusters, are usually restricted to the harmonic approximation. However, 
anharmonic contributions can impact the vibrational spectra significantly and are 
essential for describing two-dimensional infrared (2D-IR) experiments. Unfortunately, 
computational methods for treating anharmonicities show a steep increase of the 
computational cost with system size, which limits their applicability to small molecules. 
 
In this talk, we will present an efficient approach for the calculation of anharmonic 
vibrational spectra of large systems. We demonstrate that instead of the commonly used 
normal mode expansion of the potential energy surface, localized modes [1] should be 
used as starting point for the treatment of anharmonicities. In this space, we perform 
Local Vibrational Self- Consistent Field (L-VSCF) and Local Vibrational Configuration 
Interaction (L-VCI) calculations [2]. We show that in this case, many couplings between 
local modes can be neglected without significant loss of accuracy. This provides a route 
to the efficient and reliable calculation of anharmonic vibrational spectra of large (bio-
)molecules. 
 
This allows for an efficient inclusion of anharmonic contributions in quantum-chemical 
calculation of vibrational spectra for small organic molecules [3] and for helical alanine 
polypeptides [4]. For the latter, anharmonic infrared, Raman, and Raman optical activity 
spectra are presented and the impact of anharmonicities on the vibrational spectra is 
discussed. 
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