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Interactions involving excited-state molecules

e understanding of charge/energy-transfer processes
e design of optoelectronic materials
» organic LEDs, solar cells, molecular switches, ...

e solvent effects on absorption/emission bands
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Challenges for ab initio approaches
o multireference PT-based methods (CASPT2, NEVPT2)
> size-inconsistency, intruder states
e coupled-cluster response (CC2, CC3)
» limited to small- and medium-size systems
e time-dependent DFT
» dispersion corrections designed for ground states
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c)

Category 1 Category 2 Category 3
A. Fabrizio, C. Corminboeuf, J. Phys. Chem. Lett. 9 464 (2018)

Motivation

e direct calculations of London dispersion in electronically
excited vdW complexes

e study of vdW complexes: low-lying 7m-7* and n-7* states
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Category 1 Category 2 Category 3
A. Fabrizio, C. Corminboeuf, J. Phys. Chem. Lett. 9 464 (2018)
Motivation

e direct calculations of London dispersion in electronically
excited vdW complexes
e study of vdW complexes: low-lying 7m-7* and n-7* states
e excition localized on one of the monomers
» no need for degenerate PT
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Dispersion energy for excited states
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Dispersion energy for excited states
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Dispersion energy for excited states
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Dispersion energy for excited states

v I
I n
Vior Wi >0 Vier W' <0
2 ArB ArB
Bol(ArBy) = >0 WP+ 37 wiss
pu>Iv>J pn<l,v<J

<0 >0
+ Z W:\VIBJ Z WAIBJ

pu>Iv<J n<l,v>J

2
quIBJ _ </ / I‘1 pl/ )drldr2>

M. Hapka 26.05.2022

where



M. Hapka

E'Y for excited states with SAPT(MC)
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ERPA: K. Chatterjee, K. Pernal, J. Chem. Phys. 137 (2012)

SAPT(MC) = multiconfigurational SAPT

e requires only one- and two-particle reduced density matrices
(v,T) of the monomers

e 2nd order based on response properties from extended random
phase approximation (ERPA)

e may be applied with any MC wavefunction (CAS, DMRG,
GVB-PP, CIPSI...)
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((hs)p for excited states with SAPT(MC)
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Example: Ar---C,H, and C,H, (7 — 7%)
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e energy decomposition
> SAPT(CAS)
o assessment of CASSCF-based approaches

» CAS+dispersion
» multireference adiabatic connection (AC) methods
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Interaction energies: mean
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Conclusions

E((ﬁs)p for excited states

e generalized Casimir-Polder formula
> involves “de-excitation” terms

e can be obtained in SAPT(MC)

Numerical demonstration: ©# — 7*, n — 7*
e SAPT(CAS) useful for EES decomposition

int
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Conclusions

Egs)p for excited states

e generalized Casimir-Polder formula
> involves “de-excitation” terms

e can be obtained in SAPT(MC)

Numerical demonstration: # — 7*, n — 7*
e SAPT(CAS) useful for EES decomposition

int

° AEgs)p cannot be neglected

M. R. Jangrouei et al., J. Chem. Theory Comput., 10.1021/acs.jctc.2c¢00221

GAMMCOR, https://github.com/pernalk/GAMMCOR
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Thank you for your attention!
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