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Quantum Description of NMR
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States in an NMR experiment
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Liouville-von Neumann Equation
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Equilibrium state
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Two Important Simplifications

Secular Approximation
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Motional Averaging
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Chemical Shift interaction

H_ =—yl5+B

\] \ electrons
H 1

H

O —_
T
H/,///

H —400 -200 0 200 400
©/27




Applying the approximations to CS interaction
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Dipolar interaction
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Homonulear spins
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Scalar(J) interaction
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Quadrupolar interaction
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Role of an NMR pulse
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Scheme of an NMR experiment
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High field instrumentation
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Signal detection in the high field
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Strong coupling calculations (going to low fields)
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Calculating spectra for arbitrary spin topologies

S. Appelt et al. PRA 81, 023420 (2010)
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C.S.C.O. at low fields
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Miniaturizing NMR

Compact permanent magnets




NMR in stray fields
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Bluemich et al., Chem. Phys. Lett. 477, 231-240 (2009).
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NMR in the earth’s field
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Role of the external magnetic field

Sensitivity
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Approaches to higher sensitivity
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*Alternative detection methodologies
*Pulse sequence engineering
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Polarizing NMR
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Pre-polarization
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Sensitivity
enhancement

thermal polarization

Polarized Xe NMR
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Polarization through symmetrization
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Nuclear spin wavefunctions: Triplets (0-H2)
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Para-Hydrogen
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MRI in low magnetic fields
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The Hamiltonian can be written as,
H=H,+H,, [46]
with
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(b) Simulated Image at Bgo = 10 uT.
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