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Abstract: Strongly correlated systems are much challenging in quantum chemistry computation. For small and medium size molecules, the high-level multi-reference correlation theories such as MRCI and MRPT2 are regarded as most reliable methods and have been intensively used. However, it is not easy to develop an efficient MRCI/MRPT2 program especially when internal contraction is adopted. This lecture will report our new progress on developing of internally contracted MRCI (icMRCI) as well as MRPT2 based on graphical unitary group approach (GUGA).[1,2] The key-point is to employ the hole-particle symmetry that not only allows us classifying configuration space according to excitation types, but also provides a uniform way to generate internally contracted functions (ICFs) and coupling coefficients on ICFs. A very flexible internally contracted MRCI is developed in which we can contract any types of excitations and leave others un-contracted. Moreover, the new approach has been extended to MRPT2 by using of Dyall Hamiltonian. Multi-states calculation is accomplished by constructing an effective Hamiltonian. Recently, an electron-nuclear general mean field configuration interaction (EN-GMFCI) theory is proposed that can treat electron and nucleus in same footing.[3] However, full CI is applied in previous EN-GMFCI implementation that restricts such method in few electron systems. It is would be interesting to combine icMRCI with EN-GMFCI that is more useful in the practical molecular spectra calculations. 
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