NMR spectroscopy

« J—interaction / J — coupling

« Splitting patterns

« Homonuclear and heteronuclear couplings
« Typical values, Karplus equation



J Interaction

Indirect spin-spin interaction scalar coupling

electron spins
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Quantum view

Energy of magnetic moment in magnetic field
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J Interaction

Two nuclei with spinl/2 Energy contribution H=2mjl-5
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J-coupling in 'H spectra

Signals are split by hydrogens that are ,different”
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J-coupling and system of splitting

A—X l Graphical representation Assuming all nuclei
\ 4 of splitting have 1=1/2
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J-coupling and system of splitting

Splitting by » equivalent Hydrogens
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J-couplings — structure of multiplets
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J-couplings in hydrogen spin systems
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Karplus equation

Dependency of 3J,,; on the dihedral angle
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This empirical dependence of the size of the J-coupling can be used to determine
the conformation of the molecule



Heteronuclear J-interaction
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Heteronuclear J-interaction
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J interaction with other nuclei: -19F
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J interaction with other nuclei : 1H-31P
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J Interaction with other spins
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Magnetic equivalence

Nuclei are magnetically equivalent if:

« are chemically equivalent

and at the same time

» have the same geometric configuration in relation to all
other NMR active nuclei in the molecule (that is, have the
same J-interaction)

Equal configuration

CH,
Magnetically equivalent

J-interaction between these
protons is not manifested in
the spectrum

Different configurations

Chemically equivalent,
but magnetically non-equivalent

Their J-interaction causes
complicated splitting pattern



Order of the spectrum

Depends on magnitude of J-coupling and difference of chemical shifts Av
(both in units of Hz)
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» The intensities of the lines in the doublet do not
correspond to the ratio 1:1

* Inner lines (towards the coupling partner) have
a higher intensity

» This can be used in the interpretation of spectra
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Order of the spectrum

ﬁ Chemical shift difference of 0.11 ppm

I~ >""0OH J-coupling is 7 Hz
600 MHz

300 MHz

120 MHz J%J m
60 MHz JL% J\/L

30 MHz

« Difference of chemical shifts Av [Hz] grows with
om0 ™ w magnetic field
 J-coupling is independent of the magnetic field
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