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Molecular Interactions

Interaction energy for weakly interacting subsystems A and B

Supermolecular energy

Eint = EAB − EA − EB

Perturbation-theory way: expansion in orders of the interaction potential

Eint = E
(1) + E

(2) + . . .

Eint obtained directly, in a perturbative manner
based on monomer properties
partitioned into well-de�ned energy contributions
free of basis-set superposition error (BSSE)
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Symmetry-Adapted Perturbation Theory

treated as perturbation

symmetry-forcing
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SAPT methods
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Advantages of SAPT

all major polarization and exchange contributions to Eint

correct asymptotic behavior through all orders

Van der Waals minimum: accurate to within few percent

many �avors: SAPT(DFT), SAPT(CCSD), SAPT0, SAPT2, . . .



SAPT methods

int
SAPT

SAPT(MC) ≡ multicon�gurational SAPT

requires only one- and two-particle reduced density matrices of the monomers

based on response properties from extended random phase approximation (ERPA)

general: may be applied with any MC wavefunction (CAS, GVB-PP, DMRG, CIPSI...)



SAPT methods

int
SAPT

SAPT(MC) ≡ multicon�gurational SAPT

requires only one- and two-particle reduced density matrices of the monomers

TREXIO is interfaced with GammCor for SAPT(CIPSI) calculations

reduced density matrices for CIPSI obtained from Quantum Package



SAPT: prerequisites

AO → NO transformation

γ =
∑
σ

〈Ψ|â†qσ âqσ |Ψ〉 −→ {np},C
MO→NO

CAO→NO = CAO→MOCMO→NO

Table: TREXIO ingredients

group variables description

rdm 1e 1-RDM, γ
mo coefficients MO coe�cients



SAPT: energy terms

First order: electrostatic energy

E
(1)
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∑
p∈A

npv
B
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q∈B

nqv
A
qq + 4

∑
p∈A
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npnqv
pq
pq + V AB

Table: TREXIO ingredients

group variables description

ao_1e kinetic 〈p|T̂e |q〉
potential_n_e 〈p|V̂ne |q〉

ao_2e eri 〈pq|rs〉
nucleus num, charge, coord
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SAPT: energy terms

First order: exchange energy

E
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E

(1)
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(
Sqp
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+ . . .− 8
∑
pqr∈A
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NA
pqru NB

tusq v rspt

Table: TREXIO ingredients

group variables description

ao_1e overlap 〈p|q〉
rdm 2e 2-RDM, Γpqrs
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Table: TREXIO ingredients

group variables description

ao_1e overlap 〈p|q〉
rdm 2e 2-RDM, Γpqrs



SAPT: energy terms

Second order: induction, dispersion energies

E
(2)
int = E

(2)
ind + E

(2)
disp + E

(2)
exch−ind + E

(2)
exch−disp

int
(2)

all TREXIO ingredients already available (ao,eri,rdm groups)



SAPT: summary

int
SAPT

Summary: TREXIO use in GammCor

1e and 2e integrals read in AO, transformed to NO

1-, 2-RDMs read in MO, transformed to NO

TREXIO tests on CIPSI wave functions from Quantum Package


