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INTRODUCTION
Potential Energy Surface
• Energy as a function of molecular geometry 

Ԧ𝐹 = −∇𝑉(𝑋)



… BUT, WHAT DO YOU MEAN BY MULTIPOLES ?

Charge 𝑞 = 𝑞1 + 𝑞2 +⋯

Representation of the 

electron density of the 

molecule

𝜇𝑖 = 𝑞1 ∙ 𝑟𝑖1 + 𝑞2 ∙ 𝑟𝑖2 +⋯Dipole 

Θ𝑖𝑗 =
1

2
ቂ𝑞1 3 ∙ 𝑟𝑖1 ∙ 𝑟𝑗1 − 𝑟1

2 + ቃ𝑞2 3 ∙ 𝑟𝑖2 ∙ 𝑟𝑗2 − 𝑟2
2 + …Quadrupole 

.

.

.

.

.
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Multipole Expansion Induction Expansion

Dispersion Expansion Hyperpolarizability Expansion
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FIRST RESULTS
System Collaborators Interest Area

𝑃𝑂+ − 𝐻2
𝑃𝑂+ − 𝐻𝑒

Otoniel Denis-Alpizar

Universidad Autónoma de Chile, Chile.
Astro-Chemistry

𝐶𝑂 − 𝐶𝑆
𝐶𝑂 − 𝐻𝐶𝑁
𝐶𝑂 − 𝐻𝑁𝐶
𝐶𝑂2 − 𝐶𝑂

Martin Cordiner

NASA, USA

Astro-Chemistry 

comets and icy satellites

𝐶2𝐻
− − 𝐻2

𝐶4𝐻
− − 𝐻2

𝐶6𝐻
− − 𝐻2

François Lique

Institut de Physique de Rennes, France
Chemistry of Interstellar Medium (ISM)

𝐶𝑂(𝑣) − 𝑂2

Piotr Wcisło

Nicolaus Copernicus University in Toruń, 

Poland

Atmospheric Chemistry
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