
Magnetic Resonance Spectroscopy 
(EPR, NMR) 

as structural tools

Hendrik Küpper, Advanced Course on Bioinorganic Chemistry & Biophysics of Plants, summer semester 2021
based on a lecture of Peter Kroneck, Universität Konstanz



Introduction: EPR and NMR

 Electron Paramagnetic Resonance and Nuclear Magnetic Resonance are non-invasive 
techniques. They can be applied to living systems in vivo to obtain images, such as distribution of 
H2O, O2, or NO in tissues, or for analysis of molecular structures, also of metal complexes

Prof. Helmut Beinert, 
one of the fathers of 
biological EPR

Prof. Richard Ernst, 
one of the fathers of 
biological NMR
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Introduction: NMR

Nuclear Magnetic Resonance is a non-invasive technique which 
can be applied to living systems in vivo to obtain images, such as 
distribution of H2O, O2, or NO, in tissues. Furthermore, NMR 
spectra can be used for the following purposes:

 Substance identification

 Purity

 Fingerprint

 Analysis of conformation

 Determination of 3D structure (proteins, RNA, DNA)

 Prof. Richard 
Ernst, one of the 
fathers of biological 
NMR
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NMR: Theory
Principle:

 Nuclei with impair nuclear charges and impair mass numbers possess a spin, like electrons

 Application of an external magnetic field causes nuclei to behave differently depending on their 
spin

http://chem.ch.huji.ac.il/nmr/whatisnmr/whatisnmr_files/basisnmr.gif



NMR energy levels of 
elements with spins >1/2

 Most commonly studied nuclei: 1H, 13C, 15N, 
19F, 31P

 Several metals are directly measurable as 
well, but requiring special techniques

http://chem.ch.huji.ac.il/nmr/whatisnmr/quad_files
/energylevels.gif



International Journal of Applied Glass Science, Volume: 9, Issue: 2, Pages: 167-187, 2017, DOI: (10.1111/ijag.12333) 

Elements measurable by NMR
 Most commonly 
studied nuclei: 1H, 13C, 
15N, 19F, 31P

 Several metals are 
directly measurable as 
well, but requiring 
special techniques



NMR: Chemical shift
Principle: different functional groups cause the element measured to have different energy values 
for resonance absorption. Reference for chemical shift δ: Tetramethylsilan, Definition δ (TMS) = 0
Example: 1H NMR (for heteronuclear NMR, the principle is the same)

https://www.chemistrysteps.com/wp-content/uploads/2020/01/NMR-ppm-signal-chemical-shif-values-for-proton.png

low electron density high electron 
density



NMR: Number of interacting neighbouring nuclei
Principles

 Neighbouring identical nuclei influence each other’s NMR energy levels (“coupling”), causing 
multiplications of resonance energies if neighbourhoods of nuclei are different. 

 Coupling over at most 3-4 chemical bonds. 

 Integral of a resonance is proportional to number of neighbouring identical nuclei.

Example: 1H NMR (for heteronuclear NMR, coupling cannot always be observed)

https://www.chemistrysteps.com/wp-content/uploads/2020/01/Integrals-NMR.png



NMR: Differences in neighbouring nuclei (1)
Principle: neighbouring nuclei influence each other’s NMR energy levels, BUT this is also 
dependent on the chemical environment of each nucleus. 
Example: 1H NMR (for heteronuclear NMR, coupling cannot always be observed)

https://www.chemistrysteps.com/wp-content/uploads/2020/01/NMR-number-of-signals.png



NMR: Line splitting - intensities
Principle:

 One signal splits in (n+1) lines, when coupling to n equivalent nuclei

 Integral of a resonance is proportional to number of neighbouring identical nuclei.

Lecture slide of Peter Kroneck



ht
tp

s:
//w

w
w

.c
he

m
is

try
st

ep
s.

co
m

/w
p-

co
nt

en
t/u

pl
oa

ds
/2

02
0/

01
/S

um
m

ar
y-

of
-in

fo
rm

at
io

n-
w

e-
ob

ta
in

-
w

he
n-

lo
ok

in
g-

at
-a

n-
1H

-N
M

R
-s

pe
ct

ru
m

.p
ng

NMR: Summary 1H
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1H NMR Spectrum of Glucose
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https://www.chemistrysteps.com/wp-content/uploads/2020/02/13C-Carbon-NMR-Chemical-Shift-Values.png

Chemical shift in 13C NMR
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13C NMR Spectrum of Glucose
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NMR Application for resolving protein structures (I)
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NMR Application for resolving protein structures (II)

 combination of 1H and 13C NMR (“2-dimensional NMR”)
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NMR Application for resolving protein structures (III)
 Structure assignment (1)
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NMR Application for resolving protein structures (IV)
 Structure assignment (2)



Markoska T, Vasiljevic T, Huppertz T. Unravelling Conformational Aspects of Milk Protein Structure—Contributions from Nuclear 
Magnetic Resonance Studies. Foods. 2020; 9(8):1128. https://doi.org/10.3390/foods9081128

NMR Application for resolving protein structures (IV)
 Structure assignment (3)

Use of the Nuclear Overhauser Effect (NOE)

 In this application, the NOE differs from the application of spin-spin coupling in that the NOE 
occurs through space, not through chemical bonds.  Modification of NMR line intensities

 Thus, atoms that are in close proximity to each other can give a NOE, whereas spin coupling is 
observed only when the atoms are connected by 2–3 chemical bonds. 

 The inter-atomic distances derived from the observed NOE can often help to confirm a precise 
molecular conformation, i.e. the three-dimensional structure of a molecule.

Through bound (scalar) coupling (a); through space coupling—nuclear Overhauser effect (NOE) (b).



Michael J. Daniels, Jennifer S. Turner-Cavet, Richard Selkirk, Hongzhe Sun, John A. Parkinson, Peter J. Sadler, Nigel J. Robinson
Journal of Biological Chemistry 273, 22957-22961 (September 1998) DOI: 10.1074/jbc.273.36.22957

111Cd NMR Example: 
Coordination of Cd2+ by Prokaryotic Metallothionein

Use of chemical shift:

 Two peaks, II and III (654 and 661 ppm), 
are in the chemical shift range expected for 
CdS4 coordination, and peak I (572 ppm) is 
in the range for CdNS3 or CdN2S2
coordination. 

 At pH 7.6 an additional peak (IV) is 
apparent at 567 ppm.



All slides of my lectures can be downloaded 
from my workgroup homepage 

Biology Centre CAS  Institute of Plant Molecular Biology  Departments 
 Department of Plant Biophysics and Biochemistry,

or directly
http://webserver.umbr.cas.cz/~kupper/AG_Kuepper_Homepage.html


