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1. Introduction

Hyperpolarisation techniques have been developed to overcome the inherent low
sensitivity of Nuclear Magnetic Resonance (NMR). Signal Amplification by Reversible
Exchange (SABRE)[1] is one such technique that is typically carried out in the fringe field
of the NMR spectrometer for detection at high magnetic fields (> 1 T). Although Earth’s
field NMR (EFNMR) suffers from significantly lower sensitivity, it provides a route for in-
situ detection of SABRE hyperpolarised signals enabling the study of the SABRE
polarisation transfer process. Of particular interest to this work is the polarisation
transfer to 19F in N-heterocyclic substrates. High field and Earth’s field NMR simulations
are utilised as tools to interpret and analyse complex EFNMR spectra exhibiting strong-
coupling and deprived of chemical shift resolution.

2. Earth’s Field NMR 

✓ Instrumentally more compact 

✓ Instrument cost: ~ £10,000

✓ Operates at the Earth’s magnetic 
field (~ 50 µT)

• Very homogeneous 

✓ Good spectral resolution 

‒ Significantly reduced signal 
intensities

‒ Sample: tens of M in hundreds 
of mL 

x Zero chemical shift resolution

3. SABRE

Fig 1 SABRE polarisation transfer is mediated by a metal catalyst and relies
on the reversibility of the p-H2 and substrate binding.

Active SABRE Catalyst

3,5-bis(trifluoromethyl)
pyridine

Polarisation transfer from p-H2 occurs once the Polarisation Transfer Condition (PTC) is
met. SABRE relies on the reversibility of substrate and p-H2 binding as this enables
build-up of hyperpolarised substrate in solution and displacement of H2 with p-H2.
Polarisation transfer to fluorine has been demonstrated, using fluoropyridines[2].

4. In-situ SABRE with EFNMR detection

Fig 2b. In-situ SABRE polarisation pulse sequence demonstrating the use of the 
switchable PTF coil to induce polarisation transfer before detection in the 
Earth’s magnetic field. 
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5. Polarisation Transfer Condition

Polarisation transfer occurs spontaneously at low magnetic fields. It is most efficient once the PTC is satisfied.
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Where Jxy is the dominant J-coupling within the active-catalyst coupling network and 𝚫𝛎𝐇𝐩𝐇𝐳 is the larmor frequency

difference between the p-H2 derived hydride and proton-z receiving the polarisation.

Fig 3 Schematic illustrating a) homonuclear polarisation transfer to the ortho-hydrogen in pyridine, and b)
heteronuclear polarisation transfer to the fluorine in 3-fluoropyridine.

SABRE polarisation transfer to heteronuclei is typically performed under SABRE in SHield Enables Alignment Transfer to
Heteronuclei (SABRE-SHEATH) conditions[2].

PTF: 𝑩𝟎 ≈ 6 mT
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PTF: 𝑩𝟎 ≈ 4 μT
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6. 3,5-bis(trifluoromethyl)pyridine EF Spectra & Simulations 
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References 7. Conclusion

With the use of a commercial EF Terranova MRI system, consisting of a built-in polarising coil, in-situ SABRE experiments can be
carried out with detection in the Earth’s magnetic field. Control over the magnetic field during SABRE via the polarising coil
enables direction of polarisation from p-H2 to a desired nucleus on the target substrate through the J-coupling network.

In-situ SABRE hyperpolarisation experiments were successful in acquiring hyperpolarised proton and fluorine signals of 3,5-
bis(trifluoromethyl)pyridine, demonstrating the difference magnetic states that are observed under different PTF conditions.
This will be interrogated further with simulations and experiments with a range of PTF’s in order to build a better understanding
of the polarisation transfer process.
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Fig 4 Comparison of experimental
SABRE hyperpolarised 19F and
1H EFNMR signals with
EFNMR simulations acquired
using Spinach[4]. The form of
the SABRE-enhanced 1H and
19F EFNMR spectra are
diagnostic of the the identity
of the specific magnetic states
that have been
hyperpolarised and so can be
used to explore the SABRE
hyperpolarisation transfer
process.

Fig. 2a Schematic of the EFNMR system, which allows p-H2 bubbling through the 
sample within a glass flow-cell, thus enabling in-situ detection of SABRE 
hyperpolarised signals[3].

Fig. 2c Helmholtz coils are used to access polarisation
transfer fields below the Earth’s magnetic field for
heteronuclear polarisation transfer.


