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A non-iterative perturbative triples correction for the spin-flipping equation-

of-motion coupled-cluster methods with single and double substitutions
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Why non-iterative perturbative triples 

correction?

Based on simple concepts of perturbation theory

Start with CCSD Hamiltonian matrix as zeroth order 

approximation

Triples contribution incorporated using diagonal part 

(only) of the triples-triples block of the EOM(2,3) 

Hamiltonian matrix as perturbation

EOM-CC: SD, SDT and (2,3) methods
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EOM-CCSD: T=T1+T2

EOM-CC(2,3): T=T1+T2

EOM-CCSDT: T=T1+T2+T3

Scaling: N6 N6

Scaling: N8,N8

Scaling: N6,N8





























THTDHTSHTOHT

THDDHDSHDOHD

THSDHSSHSOHS

THODHOSHOOHO

||||||||

||||||||

||||||||

||||||||

• Y = exp(T) | F0 >

• In EOM-CC methods, the Hamiltonian matrix is 

formed over n-tuply excited configurations and 

diagonalised to obtain roots of exact states
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The non-iterative triples correction: Salient 

features

•Based on second order perturbation theory

•Start with CCSD Hamiltonian matrix and EOM-CCSD 

wavefunction as zeroth order approximation

•Triples contribution incorporated using diagonal part (only) of 

the triples-triples block of the EOM(2,3) Hamiltonian matrix as 

perturbation

•SF correction is size-intensive

•Non-SF correction identical to CR-CCSD(T)L

•Non-iterative method with N7 scaling

•No  storage of six-index tensors involved
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The methylene radical

Deviation of excitation energies from FCI values 

(TZ2P basis set)

c 1A1

a 1A1

b 1B1

Ortho-benzyne Meta-benzyne Para-benzyne

Benzynes

SF-TDDFT/6-31G* optimized geometries as 

cc-pVTZ basis set (236 basis functions; the calculation requires approximately 6 hours per state)

Expt. results: P.G. Wenthold, R.R. Squires and W.C. Linegerger, J. Am. Chem. Soc. 120, 5279 (1998)

o-, m- and p- benzyne: Total energies (hartree) and adiabatic singlet-triplet gaps (eV)

Method o-benzyne m-benzyne p-benzyne

SF-CCSD 1.578 0.782 0.147

SF-CCSD(fT) 1.615 0.875 0.169

SF-CCSD(dT) 1.619 0.892 0.172

Expt. 1.628±0.013 0.911±0.014 0.165±0.016

DZPE -0.028 0.043 0.021

Expt- DZPE 1.656 0.868 0.144

1,3 Cyclobutadiene

Orbital picture of cyclobutadiene at triplet and singlet 

geometries

1 3A2g geometry X 1Ag geometry

Relative Energy levels in triplet(left) and singlet(right) geometries

Adiabatic singlet-triplet gap (3A2g – 1Ag) of cyclobutadiene 

(eV) calculated using cc-pVTZ basis set

0.232

0.043
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