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NMR Interactions




Outlook P:

man interaction
Chemical shift

e Dipolar coupling

e J-coupling

e Quadrupolar interaction
e Paramagnetic interaction




Introduction P:

re six important NMR interaction for nuclei

A A A A

Hy=H, + Hy + Hp + H, + Hg + H|

Characterisation Range
A Zeeman interaction — interaction gf
i magnetic field with nuclear spin 100 Mae
H, Quadrupolar interaction 1-10 MHz
A Dipolar interaction — homo- and
Hp heteronuclear interaction S0 Kig
H, Paramagnetic interaction 50 kHz
n Chemical shift —
Hes : : ; 20 kH
iInfluenced by chemical environment
H, J — coupling

Lit. P.Diehl, E. Fluck, H. Gunther, R. Kostfeld,Seelig,NMR Basic Princiles Progress Vol 38pri



Introduction P:

ue the Hamiltonians for the electrons

He=Hg; + Hypg + Hye + Hyz + Hyg + He

Characterization Range
H, Zeeman interaction — for electrgns 10 GHz
H, . Zero field splitting 0-300 GHz
A Hyperfine Structure
H|-||: : i 1-100 MHz

electron/nucleus interaction
H,, Zeeman interaction — for nuclei 1-10 MHz
H,, Quadrupolar interaction 0.1-10 MHz
0-30 MH

a Electron-electron interaction (dipol/di

(weak)




eoretical background P:

nction describes a system completely
cial information you need an operator whicts on the wave

d/dx exp(Ax) = A exp (AX)

operator eigen- constant/ same function
function eigenvalue

» Eigenvalue represents the measured observable profoergxample
the energy

* Operator which acts on the wave function to giveeéhergy as
eigenvalue, is called Hamiltonian

HY = EY

James Keelet)nderstanding NMR spectroscqpiley, Weinheim 2005



eman interaction P:

ction Is the interaction between apthmagnetic field

rresponding Hamiltonian for the interactisn i

Hlspin P "YBOI z
« [, is the angular momentum operator which represeatz tomponent
of the angular momentum

C. N. Banwell, E. M. McCashVolekulspektroskopjeDldenburg, Minchen, Wie



eman interaction P:

sition:
Hlspin m— "YBO[I sz]
Hlspin m— JYBO[m hTm]
HlspinTm > 'mh'YBO Tm

* For spin %2 nucleus

E.,, =£1/2hyB,
AE = Ey/rE.qp = 1yBy
AE = hv,

Larmor freq

James Keelet)nderstanding NMR spectroscqpiley, Weinheim 2005



Chemical shift P]

ns around a nucleus interact wighapplied magnetic field
agnetic field is created

| field at the nuclear is different to tiqgplied magnetic field
ﬁcs: vloB,
Bnuc = BO i Bind n BO o GBO = (1 _G)BO

e o IS asecond rank tensor
(0, o0, O,

XX Xy

=10, 0, 0O,

\sz Jzy Uzz )

« This tensor relates the direction and the magnituged the nu
external uniform magnetic field B

F. A. L. Anet, D. J. O'LearyConcepts in Mag. Res1991, 3, 193-214



Chemical shift P]

be decomposed into a symmetrical asaktisymmetrical

= Gsymmetric + Gantisymmetric = (G + GT)/Z + (G - GT)/Z

The symmetric tensor can be decomposed again in an isotmgia a
traceless symmetric tensor

* Itis possible to diagonalize>Y™Mto give its principal values and
principal axes=—p transfers the Cartesian coordinate to ipahexi

system ofg=YM




hemical shift

oPa = gisO+ gSYM+ gant

2 G%= (011 + Opp + 033)/3

anisotropy

AC = 0a4s- (04, + 0,,)/2
0 0 1 s (O + 029 parame

0 = 053—0,,= (2/3)Ac

N = (02,-011) / (039) — 0,

= (0,,—617)0

anti _ | _




mical shift P]

General Asymmetric Shielding (or Chemical Shift) Tensor

’/HJ.W\‘
Symmetric Pan Antisymmetric Parn

= |

Axial Shielding Vector
Description

Axial Symmetry Mo Axial Symmetry
n=0(Ac =6 -a,) ne




Ipolar Coupling

pling is based on the interactibsmall local fields of the
netic moments of different nuclear

H,, = =I,DI,

IS possible to write the Hamiltonian in a diait way, separated for
heteronuclear and homonuclear case

ny\Ys

3
rIS

H.=-d(3cog@-1),S, ¢ =[j’,';)

ta,

i

« Keep in mind: - the strength of the coupling depeniag
- it is invers proprotional to the distance
- the orientation is important

D. D. Laws, H. M. L. Bitter, A. Jerschowngew. Chep002 114, 3224-3259

H,, = -d/2 (3c080-1)(2,,l 5, -1/2(i1; +1;1;)

Fd




ar Coupling P:




J-Coupling P:

ct dipolar coupling there is alse thdirect coupling of
la the bonding electrons

H,=hlJl,

The second rank tensor J can be decomposed in:

J = Jso4 Jsym 4 Jant

e Again only Feand d™affect the appearance of an NMR spectrum
 Mechanism of the coupling:

Fermi Pauli Fermi
I 10 0 1

P. W. Atkins,Physikalische Chemj&Viley, Weinheim2001




drupolar interaction P:

In > 1/2 have a asymmetric distribatad nucleons (non
distribution of positive electric charge)

nuclear charge

distribution electric field

gradients in

+ __— molecule

 These nuclei have a electric quadrupol moment Qwisia property
like y and interacts with the electric field gradients

A=A, + 1,
 |f the molecule is non symmetric there are changing
Interaction

P. P. Man, Enzyclopedia of NMR, Quadropolar intama;t3838; mutuslab.cs.uwi



drupolar interaction P:

tween two states is not equal because of thertliest
ar coupling

CDI3 I

§ “a—tatg 3egeQ
K -
2| (2| = 1)h
iy Y200,
1 v —200 ¥ 700
Tay . i FihHTE e

* The relaxation time is short because of quadrupolar cogipl

* Itis possible to get information of intramolecular mdiiand
orientation via quadrupolar coupling

D. D. Laws, H. M. L. Bitter, A. Jerschowngew. Chep002 114, 3224-3259



upolar interaction P:

0
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aramagnetic interaction P:

le for molecules with unpaired electrons (transition
|, radicals)

e relaxation time of molecules with unpaired electrons is
very short

e The chemical shift is strongly dependend on the temperature
e The range of the chemical is different

Diamagnetic Paramagnetic

molecules molecules
PpPmM

-2000-1500

13C 0-220 ppm opM

R. S. Drago, J. I. Zink, R. M. Richman, W. D. Peiyof Chem. Edu1974 51, 371
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Thank you for your attention




