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NMR Spectrometry



NMR Spectrometer
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The accessory magnet typically needs to produce radiowave frequencies 
(100MHz to 1000MHz), depending on the magnetic B field strength of the machine.



Nuclear Magnetic Resonance (NMR) Spectroscopy

E = h ⋅ν E = ±µ ⋅B0 ⋅sinΘ
ΔE = 2µ ⋅B0 ⋅sinΘ

Energy of a wave  
with frequency v:

Energy splitting due to 
magnetic field B:
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Nuclear Magnetic Resonance (NMR) Spectroscopy

ν = 2µ ⋅B0 ⋅sinΘ
h

Resonance frequency ν of an atom 
with spin µ in the field B:

Since µ and sin(Θ) depend on the atom and on 
the local environment of the atom, the 

frequency 𝝂 is also depending on those factors.

ω = 2π ⋅ν
Larmor frequency ω of resonance condition is:

ΔE = γ
2π

⋅B0

B0 = applied magnetic field
µ =magnetization
γ = gyromagnetic ratioof thenucleus (a constant)

Resonance condition for a specific nucleus:
(only for nuclei with spin,  

i.e., uneven atomic mass or uneven atomic number, 
such as 1H, 13C, or 31P)
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E = h ⋅ν E = ±µ ⋅B0 ⋅sinΘ
ΔE = 2µ ⋅B0 ⋅sinΘ

Energy of a wave  
with frequency v:

Energy splitting due to 
magnetic field B:

Θ

B1 = osscillating magnetic field of nucleus 
B1 << B0
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ν = 2µ ⋅B0 ⋅sinΘ
h

Resonance frequency ν of an atom 
with spin µ in the field B:

Since µ and sin(Θ) depend on the atom and on 
the local environment of the atom, the 

frequency v is also depending on those factors.

ω = 2π ⋅ν
Larmor frequency ω of resonance condition is:

ΔE = γ
2π

⋅B0

Resonance condition for a specific nucleus:
(only for nuclei with spin,  

i.e., uneven atomic mass or uneven atomic number, 
such as 1H, 13C, or 31P)

I = net spin of nucleus

B0 = applied magnetic field
µ =magnetization
γ = gyromagnetic ratioof thenucleus (a constant)

1

Resonance Frequency 
in B field 

of 14.092 Tesla 
(MHz)

600.0
92.1

–
150.9
43.3

–
–

242.9
58.8
60.8



Proton NMR Spectroscopy

https://www.youtube.com/watch?v=RZLew6Ff-JE 

https://www.youtube.com/watch?v=RZLew6Ff-JE


NMR:  Chemical Shielding

B0 = Initial magnetic field
σ = Shielding constant
Beff = Effectiv magnetic field for nucleus

Beff = B0 ⋅(1−σ )

Chemical shielding of magnetic field is 
effective over distances of 3-8Å only.

Measuring the absolute Larmor frequency ω is difficult.
It is easier to measure a frequency in comparison with that of a 
reference molecules (TMS), yielding a “chemical shift δ”, in parts 
per million (ppm): 

δ =
vS − vRef
vRef

⋅106

δ = Chemical shift [ppm]
vS = resonance frequency of sample nucleus
vRef = resonance frequency of reference nucleus
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E.g., the resonance frequency of the proton in  
H-C≡C- is shielded by -C≡C- by 2.2 to 3 ppm.

TMS = tetramethylsilane

Ethanol

HH

H

H

C

H

H

C O

Example: What is the NMR spectrum for Ethanol?



NMR:  Chemical Shielding

B0 = Initial magnetic field
σ = Shielding constant
Beff = Effectiv magnetic field for nucleus

Beff = B0 ⋅(1−σ )

Chemical shielding of magnetic field is 
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E.g., the resonance frequency of the proton in  
H-C≡C- is shielded by -C≡C- by 2.2 to 3 ppm.

TMS = tetramethylsilane

(Reference 
frequency)

Three H in CH3 have  
n=2 neighbours in CH2.  
n+1 = 2+1 = 3
=> Triplet

Two H have  
n=3 neighbours in CH3.  
n+1 = 3+1 = 4
=> Quartett

HH

H

H

C

H

H

CO

Ethanol

HH

H

H

C

H

H

C O

H behind O  
has strong shift.
n=0 neighbours.
n+1 = 1 
=> Singlet

(Flip for 
clarity)



(Reference 
frequency)

Three H in CH3 have  
n=2 neighbours in CH2.  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H behind O  
has strong shift.
n=0 neighbours.
n+1 = 1 
=> Singlet

NMR:  Spin Coupling

Number of peaks = (2 ⋅n ⋅ I )+1

Intensities of peaks = coefficients of binomial = (1+ x)n

(1+ x)2 = 1+ 2x +1x2

(1+ x)3 = 1+ 3x + 3x2 +1x3

(1+ x)4 = 1+ 4x + 6x2 + 4x3 +1x4

n = number of nuclei in chemical group
I = spin, (1 / 2, 1 ...)
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NMR Spectrometer

The accessory magnet typically needs to produce radiowave frequencies 
(100MHz to 1000MHz), depending on the magnetic B field strength of the machine.
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2D NMR Spectroscopy
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2D NMR Spectroscopy
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Infrared Spectroscopy
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Infrared spectroscopy (IR spectroscopy 
or vibrational spectroscopy) is the 
measurement of the interaction of 
infrared radiation with matter by 
absorption, emission, or reflection. It is 
used to study and identify chemical 
substances or functional groups in 
solid, liquid, or gaseous forms. It can be 
used to characterize new materials or 
identify and verify known and unknown 
samples.

https://en.wikipedia.org/wiki/Infrared_spectroscopy

Different vibrational modes absorb IR light in a way that is 
characteristic for the molecule.



2D NMR Spectroscopy
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https://www.youtube.com/watch?v=UlLEEjIB_Zo



NMR Spectroscopy

NMR Spectroscopy is used for:

• Determination of an unknown chemical structure

• Non-invasive measurement of the concentration of a chemical

• Analysis of chemical pathways and the production of chemical compounds

• Determination of binding constants

• Determination of the kinetics of a chemical reaction

• Analysis of conformational changes of a protein as a function of external parameters  
(such as pH, temperature, pressure, ionic strength, ligand binding)

• Structure determination of the active site of an enzyme

• Interaction with other molecules (e.g., enzyme-subtrate, protein-protein, protein-DNA)

• Structure determination of proteins in solution

• Determination of the kinetics of conformational changes or of folding dynamics of proteins

• Tomography, imaging. 
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Surface Plasmon Resonance (SPR)
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Surface Plasmon Resonance (SPR)

sinΘ i ε1(λ) =
ε2 (λ) iε3(λ)
ε2 (λ)+ε3(λ)

Surface plasmon resonance occurs, when the evanescent wave equals the surface plasmon wave, i.e. Kev=Ksp
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ε1 = dielectric constant of the glas
ε2 = dielectric constant of the metal film
ε3 = dielectric constant of the sample solution

This happens at the angle Theta under the following condition:



Surface Plasmon Resonance (SPR)

https://www.youtube.com/watch?v=sM-VI3alvAI 

https://www.youtube.com/watch?v=sM-VI3alvAI


Surface Plasmon Resonance (SPR)
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ε1 = dielectric constant of the glas
ε2 = dielectric constant of the metal film
ε3 = dielectric constant of the sample solution

This happens at the angle Theta under the following condition:



Surface Plasmon Resonance (SPR)

Surface plasmon resonance occurs,  
when the evanescent wave equals the surface plasmon wave, i.e.  Kev=Ksp 21

Kev =
µ0
c
⋅ng ⋅sinΘ Ksp =

ω 0

c
⋅ δm ⋅ns

2

δm + ns
2

µ0 =magnetic susceptibility constant
ng = refractive index of glas
c = light speed
Θ = light incidence angle

nS = refractive index of solution

δm = dielectric const. of metal film

ω0 = angular frequency of waves



Surface Plasmon Resonance (SPR) 
Time Curve
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Surface Plasmon Resonance (SPR) 
Imaging Device
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Surface Plasmon Resonance (SPR)
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Surface Plasmon Resonance (SPR)
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SPR Example:

•A sensor chip surface is covered with 
antibodies.

•Ligands are added, resulting in an 
increase of the SPR signal, until ligand 
binding is saturated.

•Washing with buffer solution leads to 
partial dissociation of ligands that are 
not firmly bound.

•Regeneration of the surface by harsh 
surface treatment and addition of new 
antibodies restores the chip.  Time
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