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Development of the structure-based Gaussian expansion method: Application to hydrogen
tunneling in malonaldehyde (Graduate School of Science, Tohoku University) O Kazuma
Suzuki, Manabu Kanno, Hirohiko Kono

For the simulation of chemical reactions including nuclear quantum effects such as tunneling
effects, it is necessary to calculate the time evolution of a molecular wavefunction (nuclear
wavepacket). However, in conventional methods, the number of grid points or basis functions
used to expand a wavepacket increases exponentially with the system size. In order to solve
this problem, we have developed a structure-based Gaussian expansion method in which
Cartesian Gaussian bases corresponding to molecular structures are mainly placed around
chemically critical structures and reaction pathways in the reaction of interest. This enables us
to expand a molecular wavepacket with minimum bases. We applied the method to a hydrogen
tunneling in malonaldehyde CH»(CHO).. The tunneling splitting of malonaldehyde, AE, was
calculated using 875 Gaussian bases mainly placed around two equilibrium structures and the
intrinsic reaction coordinate (IRC) connecting them via the transition state. We performed
electronic structure calculations at the MP2/6-31G(d,p) level and obtained the barrier height of
1270 cm ™' and 4E = 27.1 em™'. This splitting is a little larger than the experimental value of
21.6 cm™!, which is reasonable considering the actual barrier height of about 1430 cm™. We
succeeded in analyzing and visualizing the quantum states of malonaldehyde in terms of
expansion coefficients of individual Gaussians and found the contribution of a linear pathway
of hydrogen transfer away from the IRC.
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