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Solving a Schrödinger equation of atoms and molecules is one of the ultimate goals of 

quantum chemistry and physics. The full configuration interaction (Full-CI) method is 
known to provide variationally the best possible wave function within a given basis set, 
but the computational cost of the Full-CI calculations grows exponentially against the 
system size, and it is intractable for classical computers. By contrast, molecular energies 
can be computed in polynomial time on quantum computers, by utilizing quantum phase 
estimation-based full-CI [1], variational quantum eigensolver [2], and so on.  

In the quantum chemical calculations on quantum computers, the preparation of initial 
guess wave functions |Ψ0⟩ having large overlap with the exact wave function of the 
electronic ground state |Ψexact⟩ is often required. In a typical closed shell singlet molecule 
the Hartree–Fock wave function |ΨHF⟩ is a good initial guess, but for an open shell 
molecule carrying unpaired electrons of spin-β, the overlap 〈Ψexact|ΨHF⟩ becomes small, 
because |Ψexact⟩ has a strong multideterminantal character in the open shell molecule to 
satisfy the symmetry requirement of the spin operator S2.  

In this talk, we will discuss (1) quantum circuits to construct the wave function 
consisting of one configuration state function |ΨCSF⟩, which is an eigenfunction of S2 
operator and is suitable for the initial guess in quantum chemical calculations of open 
shell molecules on quantum computers [3], and (2) a method to prepare 
multiconfigurational initial guess wave functions without performing post-SCF 
calculations on classical computers.  
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