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Picture: Transport of the ETH Zurich 1.2 GHz magnet on air cushions to its installation location. From a video by Matthias Ernst / ETH Zurich
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Ever higher fields for high resolution NMR ƿ
motivation and benefits
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ÁGenerating magnetic fields for NMR spectrometers

stronger than attainable with LTS became a vision as

soon as the HTS were discovered, because:

ÁHigher fields mean higher resolution (dispersion), 

i.e. better peak separation

ÁIn higher dimension NMR experiments the 

resolution increases further with field ( B0
n)

ÁStronger fields lead to a better signal to noise ratio

(SNR) ƿthe signals are genuinely small

ÁThe bigger energy split between up and down spin 

states leads to a stronger occupation difference of 

these two states Ÿ stronger NMR signal from sample

Ever higher fields for NMR spectrometers ƿwhy really?

20 ms DARR spectra of the DnaBhelicase from 

Helicobacter pylori, recorded at 500 MHz (11.7 T) 

and at 1.2 GHz (28.2 T). 

Source: doi.org/10.1101/2021.03.31.437892
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https://doi.org/10.1101/2021.03.31.437892
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Dispersion & Sensitivity at Ultra High Fields
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Sugar signals of 2 mM Sucrose in H2O:D2O (9:1) illustrate the dispersion gain with increasing field strength
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ÁHydroxy proton signals, 100 mM Sucrose in H2O:D2O (99:1) at 20°C

Exchange spectroscopy: Sensitivity at Ultra -High field
line sharpening at UHF for slow/medium exchange
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400 MHz, 5 mm Prodigy
3 mm tube, ns = 16

1200 MHz, 3 mm TCI
1.7 mm tube, ns = 8

x8

x8

16 November 2021Commercial Ultra-High-Field NMR Magnets with HTS Conductors 7



|© 2021 Bruker |© 2021 Bruker ||

1.2 GHz High-Sftpmvujpo!ONS;!ù-Synuclein
Intrinsically disordered proteins benefit from UHF & 13C detection.
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Sample & data courtesy L. Banci, C. Luchinat, R. Pierattelli; CERM, University of Florence
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~2!nN!ù-Synuclein 13C/15N

in 20 mM KPi, 100 mM NaCl, 
50 uM EDTA, pH 6.5

2D 13C-15N CON (IPAP)

TD = 2k x 800
AQ 184ms x 94ms
NS = 8

Expt. Time:  4h 41 min

1.2 GHz: 3 mm TCI CryoProbe
600 MHz: 5 mm TCI CryoProbe

1.2 GHz 600 MHz
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100 kHz FastMAS at 28.2 T / 1.2 GHz
0.7 mm HCN CP-MAS
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Sample & data courtesy of Prof. B. Meier, Dr. T. Wiegand, M. Schledorn, ETH Zurich

(powder test system)
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ÁDispersion scales linearly with field and the power of dimensionality

ÁSelf-orientation due to paramagnetic centers scales with B0
2

ÁRDC, RCSA & Relaxation Dispersion scale with B0
2

ÁDetection of otherwise invisible states due to 

more favorable exchange regimes at higher fields 

(biologically relevant little populated conformational states)

ÁCarbohydrate and intrinsically disordered protein research

ÁTROSY effects in liquid state NMR

ÁFast-MAS 1H detected solid-state NMR

ÁLow-gamma and quadrupolar nuclei in solid-state NMR

ÁBUT: Onlyrealized with very high-quality magnets!

NMR applications benefitting from Ultra -high field
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Principal requirements on UHF NMR magnets ƿ
field and quench, homogeneity and drift
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ÁThe obvious: It must be possible to reach nominal field and operate the magnet safely.

ÁR&D goal Nr.1 for new HTS ƿLTS hybrid magnets

ÁChallenge: Manage the strong Lorentz forcesacting on the conductors.

ÁChallenge: Preventstructural damage in case of a quench.

ÁVery high homogeneityof the magnetic field in the sample space for high-resolution NMR

ÁSpecification: üC0C!ǳ!21ǭ:in the sample volume (~20 mm long cylinder, ø 5 mm)

ÁChallenge: Magnet shimming despite strong screening currents in the HTS tapes.

ÁVery time-stable magnetic field (very small field drift)

ÁSpecification: 10 ppb/h (loss of 1% of field in ~ 110 years)

ÁChallenge: Reduce the joint resistances sufficiently

Principal requirements for UHF NMR magnets
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Practical conductors with sufficient Jc,eng at high fields (> 20 T)

ÁJc,eng drops sharply in Nb3Sn conductors 

approaching 1 GHz (~23.5 T)

ÁFortunately HTS conductors, with their high Jc,eng at 

significantly stronger fields, are able to step in now.

Lorentz forces increasing with field must be carefully managed

ÁHoop stresses increase in the high-field region of a coil 

(higher field), but also in the lower field region (larger radii).

ÁThe magnet design must limit 

the axial pressures to tested values.

Quench protection to prevent structural damage

ÁDuring quench events currents induced in the HTS part must 

be limited.

Reaching field ƿcritical currents, forces and quench protection
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Lorentz forces (black arrows) act on the conductors (orange) 

of a winding pack in the magnetic field (blue lines), which the 

current they carry generates.

ReBCO coated conductor

ReBCO and 
buffer layers

Galvanically 
deposited 
copper

Hastelloy substrate

Lorentz forces

magnetic field linesmagnet axis
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The intrinsic requirement

ÁThe spins of nuclei are often only very 

weakly coupled to surrounding nuclei and 

electrons.

ÁThis weak coupling makes the nuclear 

spins interesting, non-interfering sensors

of their (chemical) environment.

ÁIt also makes the resonances sharp, i.e. 

the intrinsic line widths very narrow: ~1 Hz

ÁTo avoid smearing out the peaks, all nuclei 

in the sample must be at exactly the same 

field: üC0C!ǳ!21ǭ:

Why is such a high homogeneity required?
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Left: Field profiles of a well-shimmed 1.2 GHz magnet (top) and with a z-gradient 

deliberately added (bottom).

Right: Corresponding line shapes of a sucrose sample. The broadened and less 

high line at the bottom clearly shows the imperfect summation of signals from 

spins at different locations in the sample.
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