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Introduction

Usefulness of electric dipole moments

Electric dipole moment

~µ =
N∑
i

qi~ri (1)

� Experimental chemistry

Spectroscopy
Identification of the structure/isomer of a molecule

� Computational chemistry

”Theoretical” spectroscopy
Descriptor of the quality of the electronic density
(Hait et al. Phys. Chem. Chem. Phys. 20, 19800 (2018))
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Introduction

Two ways of computing the electric dipole moment

Expectation value

µ = −
Nelec∑

i

〈Ψ|ri |Ψ〉+
Nnucl∑
A

ZARA (2)

Derivative of the energy wrt an external electric field F

µ = − dE (F)

dF

∣∣∣∣
F=0

+
Nnucl∑
A

ZARA (3)

⇒ Not equal unless Ψ is the exact solution of the Schrödinger equation (in a given basis set).

� Oscillator strengths ∝ transition intensities.
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Introduction

Aiming for the exact solution (0/2)

level of theory

basis set

HF
•

FCI
•

minimal•

complete• •exact
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Introduction

Aiming for the exact solution (1/2)

level of theory

basis set

HF
•

FCI
•

minimal•

complete• •exact
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m
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t	(

D
)

BF, first excited state in aug-cc-pVTZ.
1R. Sarkar et al. J. Chem. Theory Comput. 2021, 17.2, 1117–1132.
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Introduction

Aiming for the exact solution (2/2)

level of theory

basis set

HF
•

FCI
•

minimal•

complete• •exact
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H2S, first excited state with LR-CCSD.2

2A. Chrayteh et al. J. Chem. Theory Comput. 2021, 17.1, 416–438.
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CIPSI

Another road to FCI ?

3P.-F.Loos et al. J. Chem. Theory Comput. 2018, 14, 4360–4379.
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CIPSI

CIPSI

CIPSI

� Configuration Interaction using a
Perturbative Selection made Iteratively4

� Selection of the “important” electronic
configurations (Slater determinants)

https://quantumpackage.github.io/qp2/

Diagonalize H to
get Evar and |Ψvar〉

Search determinants
linked to |Ψvar〉

Compute their
contribution to the

2nd order energy E(2)

Compute E(2)

Add new “important”
determinants in

the wave function

|Ψ〉

Exit

4B. Huron et al. J. Chem. Phys. 1973, 58.12, 5745–5759
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CIPSI

Targeting FCI

Benzene / cc-pVDZ5

� FCI → (30e/108o) = 8× 1035 determinants

� CIPSI → 2× 108 determinants, 150 000 CPU hours ⇒ 1× 10−3 Eh accuracy

5P.-F. Loos et al. J. Chem. Phys. 153 (2020), 176101
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CIPSI

What about dipole moments? ground state of BF/aug-cc-pVDZ
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CIPSI

Extrapolation

Good case...

H2CO / aug-cc-pVDZ, ground state.

Bad case...

H2S / aug-cc-pVQZ, 2nd excited state.
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Results

Study

CC3/aug-cc-pVTZ geometries3

Boron monohydride B H 1Σ+, 1Π Carbon dioxide C O 1Σ+, 1Π

Hydrochloric acid Cl H 1Σ+, 1Π Formaldehyde H2C O 1A1, 1A2

Water O
H H

1A1, 1B1, 1A2, 1A1 Thioformaldehyde H2C S 1A1, 1A2

Hydrogen sulfide S
H H

1A1, 1A2, 1B1 Nitroxyl N
O H

1A′, 1A′′

Boron monofluoride B F 1A1, 1Π Fluorocarbene C
F H

1A′, 1A′′

3A. Chrayteh et al. J. Chem. Theory Comput. 17 (2021), 416-438
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Results

Results

Few numbers

� H2S

aug-cc-pVDZ (8e,40o): few hours < 1 mD
aug-cc-pVQZ (8e,171o): few weeks ∼ 10 mD

� H2CS

aug-cc-pVDZ (12e,62o): one week ∼ 1 mD
aug-cc-pVTZ (12e,136o): few weeks ∼ few mD

� Configuration (Hilbert) space

(24e,24o) ∼ 7 × 1012

(8e,171o) ∼ 1 × 1015

(12e,136o) ∼ 6 × 1019

CC & CIPSI / aug-cc-pVDZ
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Conclusion
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