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Fundamental Symmetries: Pauli Principle



“Wavefunction of the quantum system is antisymmetric 
with respect to  the permutation of two fermions”
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Parahydrogen-Induced Polarization (PHIP)
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(Triplet state)

Parahydrogen
(Singlet state)

Once obtained, parahydrogen may be
stored for a long time (weeks) without
back conversion to ortho-isomer
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• Equilibrium at 295 К
– оrtho-Н2 : para-Н2 = 3:1
• Equilibrium at 77 К (liquid N2)
– оrtho-Н2 : para-Н2 = 1:1
• Equilibrium at 20 К – 100% para-Н2

Parahydrogen
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Affordable Hyperpolarization

Parahydrogen-Induced Polarization (PHIP)

Signal Amplification By Reversible Exchange (SABRE)

Catalyst

Catalyst



CHOLINE

creatine

• Single Voxel Spectroscopy (SVS)
• Chemical Shift Imaging (CSI)

Motivation: 

Use of molecular contrast agents,
in addition to Positron Emission Tomography

(PET) for visualization of abnormal 
metabolic processes

ALANINE

Injection of the agent – uptake – visualization

Signal Enhancement for in vivo NMR/MRI



In vivo 13C image of a rat 
brain, after arterial injection 
of hyperpolarized succinate 
(in color); overlaid on a 
coronal 1H fast gradient 
echo image.

PHIP for MRI

PHIP and polarization
transfer to 13С 
TrueFISP 13C images, showing 
the lungs of a pig after injection 
of a hyperpolarized 13C imaging 
agent

Signal Enhancement for in vivo NMR/MRI

K. Golman et. al. // MRI in medicine, 2001; Br. J. Radiol., 2003



Production of Pure Hyperpolarized Fumarate

Knecht, Blanchard, Barskiy, et al. PNAS, 2021





Knecht, Blanchard, Barskiy, et al. PNAS, 2021

1. High levels of attainable polarization 
(~40%) is possible

2. Once produced, fumarate can precipitate 
from solution by adding the acid

3. The solution can be washed out of the 
catalyst, unreacted precursor, impurities 
etc.

Production of Pure Hyperpolarized Fumarate



Erwin Schrödinger Prize - 2021



Optical Magnetometry

Nuclear Spin Physics

Nuclear Spin Chemistry

• Nuclear Spin Isomers
• Polarized Nuclear Targets

• OPMs
• NV Centers in Diamonds

• Magnetization Transfer Catalysis
• Long-lived Spin States
• Interplay between Spin Dynamics 

and Chemical Kinetics

Nuclear Spin Engineering for Advanced Chemo- and Biosensing
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