
Nuclear Magnetic Resonance spectroscopy 



For easier understanding of the NMR principle I recommend:

https://www2.chemistry.msu.edu/faculty/reusch/VirtTxtJml/Spectrpy/nmr
/nmr1.htm

https://www.researchgate.net/publication/242207137_Nuclear_magnetic_
resonance_NMR_spectroscopy_Basic_principles_and_phenomena_and_t
heir_applications_to_chemistry_biology_and_medicine

http://www.chem.hope.edu/~krieg/Chem348_2002/NMR/Principles_of_
NMR_Spectroscopy.html



1H NMR spectrum
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Hydrogen (Proton) NMR spectrum of given compound. Of all the spectroscopic methods, it is the only 
one for which a complete analysis and interpretation of the entire spectrum is normally expected.



NMR spectroscopy

The first NMR spectrometer
Univerzity of Leipzig, Germany
1951
=36 MHz, B = 0,8 T

NMR spectrometer Bruker,

=500 MHz, B = 11,75 T

NMR is rather “new” method, that progressed rapidly and recently it represents important technique applicable in 
chemistry, biology, medicine, and also in industry. 



Spin s:

Spin is an intrinsic property of elementary particles, and its 
direction is an important degree of freedom.

h= 6.626068 × 10-34 m2 kg / s Planck’s constant

Spin can be represented by a vector whose length is measured in 
units of the reduced Planck constant ħ (pronounced "h bar"). 

For quarks, a measurement of the spin vector component along any axis 
can only yield the values

+ħ/2 or         −ħ/2

for this reason quarks are classified as spin 1/2 particles. 

Spin of a particle is characterized by spin quantum number:

I = 0, 1/2, 1, 3/2,...

Repetition from Pharm Phys 1



Magnetic moment:

Magneton

e – elementary charge, m – mass

Nuclear magneton N – magnetic moment of proton:

Bohr magneton B - magnetic moment of electron:

Repetition from Pharm Phys 1



Magnetic moment is expressed:
 - gyromagnetic ratio [rad.s-1.T-1 ], different for nuclei and electrons

Nuclei: electrons:

Momentum p of a particle with spin s = ½,  

g  - spectroscopic Landé factor (unitless)

Generally, magnetic moment: 
mI – magnetic spin quantum number

For nucleus: Electron:

pre protón g=5,586 pre e- g=2,0023

magneton

mI – magnetic spin quantum number, ranging I, (I-1),...,-(I-1), -I 



Nuclear Magnetic Resonance spectroscopy

Spin quantum number I = 0, 1/2, 1, 3/2,...

Element:  A – number of nucleons (A=Z+N)

Z - proton (atomic) number

N – number of neutrons

XA
Z

A is odd number: I = 1/2 ( 1H, 13C, 19F ), I = 3/2 ( 11B ) & I = 5/2 ( 17O ) 

Z and N are odd: I = 1 ( 2H, 14N ) 

Z and N are even: I = 0 ( 12C,  16O )  we do not see NMR spectrum

Magnetic quantum number mI = I, (I-1),...,-(I-1), -I            (2I+1) levels

Magnetic moment:

Its projection into z-axis:  z

NIz gm  .

N - nuclear magneton (5,0508.10-27JT-1), 
g - nuclear spectroscopic  factor






Energy levels diagram 
1H, spin I=½, mI = ½, number of energy levels 2I +1=2 
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h

Bg N The NMR resonance condition:

B – strength of magnetic field in Tesla (T)



NMR resonance condition 
- expressed with gyromagnetic ratio 

Nuclei with spin s = ½:  

Applying similar consideration as above:

E = 

h. = angular frequency =2ν

 = .B

 - is named as Larmor precession frequency

Resonance condition



Resonance







 


kT

E

N

N
exp

2

1

For thermal equilibrium, the Boltzmann distribution gives the relative number of 
protons in the spin up and spin down states is not equal, is given by: 

For example, at B = 1T and T = 300 K :

h

Bg N 
The occupancy of both levels will become the same due to the
resonance effect when applying an external radiation.  

𝑵𝟏

𝑵𝟐
= 1.000006

The term resonance (from Latin resonantia, 'echo', from resonare, 'resound') originated from 
the field of acoustics, particularly the sympathetic resonance observed in musical instruments, 
e.g., when one string starts to vibrate and produce sound after a different one is struck.



NMR



NMR spectrometer

h

Bg N 



Properties of certain nuclei 

nucleus Occurrence

(%)

spin I g

1H 99,98 1/2 5,586

2H 0,02 1 0,857

13C 1,11 1/2 1,405

31P 100 1/2 2,263

´N=5,051.10-27 JT-1

h

Bg N .. 

1H nuclei:

BgEEE N 12



1H NMR spectrum
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 - chemical shift shows the position of spectral line in respect to standard (line at 0 ppm); 
units [ppm] – parts per million



Chemical shift

00 BBB  

B local the strength of the magnetic field 
B0 the strength of the magnetic field due to magnet
* screening constant

Chemical shift
6

0

10.
B

BB stnucleus  [ppm]

Bnucleus is the strength of the field at a nucleus of the sample 
Bst is the strength of the field at standard, frequently tetramethylsilane (TMS) with  = 0; i.e. Bst =B0

B0 is the strength of the magnetic field due to magnet

Depending on the local chemical environment, different protons in a molecule 
resonate at slightly different strength of the magnetic field, 
This shift is converted into a field-independent dimensionless value 
known as the chemical shift. 

 = 
∆ .𝟏𝟎𝟔

𝟎
 = 

∆𝑩 .𝟏𝟎𝟔

𝑩𝟎

Where B = Bsample - Bst or   for resonance frequencies  = sample -st

For practical use or



Chemical shift

[ppm]

acetonemethylenechloridbenzene tetrametylsilane



Chemical shift  1H



Problem solving: 

1H NMR spectrum of an organic molecule 
measured by 60 MHz spectrometer consists of 
spectral lines at magnetic field values 2,039 T 
and 12,79 T higher in comparison to spectral 
line of tetramethylsilane. Determine chemical 
shift of the observed spectral lines.  

g=5,585
N=5,0508. 10-27 JT-1

h=6,626 . 10-34 Js



Spin – spin coupling 

1,2 - dichlorethane 1,1 - dichlorethane

Nuclei: Magnetic equivalent
– the same chemical shift

Chemical equivalent
- the same element, bond

Coupling constants:

Geminal coupling constant 2J – interaction through 2 bonds

Vicinal coupling constant 3J – interaction through 3 bonds



Spin – spin coupling 



13C NMR spectroscopy

nucleus Spin

I

occurence
(n)   (%)

g

1H 1/2 99,98 5,586

13C 1/2 1,11 1,405

i) the abundance of 13C in a sample is very low (1.1%) 

ii) the 13C nucleus ~ 6000 times less sensitive than a 1H in the NMR experiment 

iii) Spin – spin coupling does not exist in 13C NMR 

)1(.3  IIngA



Chemical shift 13C 



Camphor - 1H NMR spectrum

1H and 13C can give complementary information.  Notice, 1H NMR of camphor in 
range  1.3 – 2.5 ppm is very complex with many superposed spectral lines, thus 
difficult to interpret unambiguously 



Camphor - 13C NMR spectrum

13C NM spectrum of camphor consists of a set of well resolved spectral lines, 
easier for the compound identification (for example).   



Camphor - 13C NMR spectrum - INEPT

http://www.cem.msu.edu/~reusch/VirtualText/Spectrpy/nmr/nmr1.htm

There are many techniques in NMR available, applying different pulse sequences in order 
to make identification of a compound unambiguous. Here is an example of technique 
resolving carbons in –CH2 groups and those bound in CH3 or CH groups. 



NMR in medicine 

Magnetic resonance imaging (MRI)



F. Bloch E. M. Purcell

1952 – Nobel  prize  (NMR) 



Summary:

What do you know about  NMR spectroscopy? 

What is the range of electromagnetic spectrum for NMR? 

What nuclei can show NMR spectrum? 

Write the formula for NMR resonance condition!

What does represent chemical shift? What are its units?



The quantity of magnetic moment of 1H nucleus placed in a magnetic field is
specified by z = g.mI.N, where Landé g factor g = 5,586; nuclear magneton µN = 
5,0508.10−27 JT−1 a magnetic quant number mI= ±½.

a) How many orientations adopts 1H spins in magnetic field? [2] 

b) Calculate the difference in energy (ΔE) for these orientations when the strength 
of magnetic field is B = 1.5 T. [ΔE = 4.23.10−26 J] 

c) Calculate the related resonance frequency [ν = 63.84 MHz]

(h=6.626.10-34 J.s)



NMR spectrum shows a spectral line of chloroform at frequency of 436 
Hz higher in respect to signal of standard (TMS). Calculate chemical shift 
of the spectral line when spectrum was measured at 60 MHz NMR 
spectrometer. 

What was operational frequency of another NMR spectrometer if the 
same spectral line was found at 5.45 ppm? 

[7,27 ppm; 80 MHz]


