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Study on the potential energy curve of the CH molecule

by the Free Complement method
oYusaku I. Kurokawa', Hiroyuki Nakashima®, Hiroshi Nakatsuiji*
! Quantum Chemistry Research Institute, Kyoto, Japan

[Abstract] The purpose of our study is to develop the Free Complement (FC) method,
which was proposed as a general method to solve the Schrodinger equation exactly. In this
theory, the wave function is expressed as a linear combination of complement functions (cfs),
and they are generated from any initial wave function. The initial wave function in this study
is constructed based on the Chemistry Formula Theory (CFT) wave function, which was
proposed by Nakatsuji recently. We have applied the FC-CFT-variational method to CH
molecule. We could obtain accurate potential curves of CH molecule in the ground and
excited states including the valence excited states and the Rydberg states. Now we are
developing the FC-Variational method to be reliable, fast, and applicable to a larger
molecule.
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Fig. Potential energy curves of CH molecule in the ground and excited states in
the doublet spin state by the FC-variational method (left) and the MR-CISD

M S PUIE L < fig method [8] (right)
Table Spectroscopic constants of CH molecule by the FC-CFT-V method at

order =2.
Excitation Dissociation | Equilibrium Harmonic
Energy Energy Distance frequen_(lzy
T (eV) D (eV) R (A o (cm )
z
X II state
FC-CFT-V 0.0 3.081 1.145 2688.01
(Exptl.) 0.0 3.640 1.120 2860.75
a > state
FC-CFT-V 0.592 2.490 1.1118 2947.4
(Exptl.) 0.742 [2.723]° [1.0977]°
A A state
FC-CTF-V 3.042 1.563 1.1220 2836.30
(Exptl.) 2.870 2.010 1.1031 2914.10
B Y state
FC-CFT-V 3.221 -0.140 1.2258 1736.13
(Exptl.) 3.231 0.409 1.1640 2246.42
C > state
FC-CFT-V 4.373 0.246 1.1358 3087.3
(Exptl.) 3.943 0.940 1.1143 2840.2
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