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Quantum Chemistry
• Quantum mechanics applied to chemistry

– Schrödinger and Dirac equations for the electrons and nuclei of molecules and materials
– a complicated many-body problem

• Computation is the third way of science
– experiments can be expensive, difficult or dangerous
– observations can be difficult to understand or interpret
– computation can substitute or complement experiment



Computers



Centre for Theoretical and Computational Chemistry
CTCC

• Centre of Excellence 2007 – 2017 shared between UiT and UiO
• Vision: the  CTCC will be a leading international contributor to computational 

chemistry by carrying out cutting-edge research in the field of theoretical and 
computational chemistry at the highest international level

• Integration of computation into participating experimental groups
• About 800 publications with 13000 citations in 150 journals 

• 4 ERC Grants, 4 Young Research Talent Grants



Motivation for Hylleraas Centre
• New experimental facilities revolutionize how we study matter

– unprecedented resolution in time and space

• Revolution in computation needed to seize new opportunities
– we develop, apply, and distribute the necessary computational tools

for complex systems and their field interactions



Challenges
• Millions of atoms in short laser pulses and strong fields

– local and global processes occurring over short and long time scales
• Modeling of such processes poses a wall of challenges

– forcing us to take fresh look at computation



Research Themes



Paramagnetic Bonding
• Magnetic forces compete with Coulomb forces at fields at about 100 kT
• Rotation of electrons in the field generate a new type of bond: paramagnetic bond
• Molecules of noble gas atoms

• Such molecules should exist on white dwarfs: collaboration with astrophysicists
• May arise in crystal impurities — quantum dots

Science 2012



Visible Infrared Light
• Human eye detects radiation between 400 (blue) and 720 (red) nm
• Less known fact: can detect infrared light (above 1000 nm) as different colours
• Multiscale modelling has helped unravel this puzzle
• Simultaneous absorption of two photons yields same energy and cross section

PNAS 2015
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Theory of Relativity in Biology
• Einstein’s theory of relativity is important for chemistry involving “heavy atoms”

– gold is golden, 
mercury mercurial

• Does relativity play a role in biological processes?
– relativity can dramatically affect enzymatic reactions with heavy metals
– reaction occurs in one rather than two steps as a result of relativity

Angewandte 2016



Enzyme Cold Adaptation
• Certain enzymes exhibit exceptional cold adaptation

• essential for organism living in Artic and Antarctic waters
• Multiscale modelling of trypsin in cow (warm) and salmon (cold)

• subtle differences — surface softer for cold-adapted variety

• Detergents for cold-water laundry?

Nature Rev 
Chem 2017



Chemical Transformations
• Methanol is valuable chemical— expensive to produce
• Net reaction: CO2 + 3H2 -> CH3OH + H2O
• In practice, we proceed differently, from amide by means of catalysts
• The following catalytic pathway as been mapped out

ACS Catalysis 2018



Theory, methods, computing



Hylleraas Team
• Directors

– Trygve Helgaker, 2017–2022
– Kenneth Ruud, 2022–2027

• Principal Investigators
– international team with broad backgrounds in chemistry, physics, biology

• Exceptional young researchers



Hylleraas Staff



Organization



Funding over 10 Years

• Basic Funding: 206 MNOK

• External Funding: 65 MNOK
– at least four ERC grant pass to second stage
– on average two RCN grants at any time

• In-kind Contributions: 96 MNOK
– 5 Pis (50% positions)
– 2 senior engineers (100% positions)

Research Council 
funding: 130

High Performance 
Computing: 16

Own funding: 59



Egil Hylleraas (1898–1965)

• Ushered in the era of scientific computing
– demonstrated validity of quantum mechanics for many more than one particle
– predicted the stability of hydrogen anion, later detected in the Sun
– performed the first quantum-mechanical study of a crystal (LiH)

• Established methods for high-accuracy calculations



Hylleraas Centre
theory and computation

to understand, interpret, and predict 
new chemistry, physics, and biology 


