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Nuclear Magnetic Resonance Spectroscopy

• When a charged particle such as a proton spins on its axis, it

creates a magnetic field. Thus, the nucleus can be considered to

be a tiny bar magnet.

• Normally, these tiny bar magnets are randomly oriented in space.

However, in the presence of a magnetic field B0, they are

oriented with or against this applied field. More nuclei are

oriented with the applied field because this arrangement is lower

in energy.

• The energy difference between these two states is very small

(<0.1 cal).

Introduction to NMR Spectroscopy



When the energy of the photon matches the energy difference

between the two spin states , an absorption of energy occurs. We 

call that phenomenon Resonance

Difference in energy between the two states is given by:

DE = g h Bo / 2p

where:

Bo – external magnetic field

h – Planck’s constant

g – gyromagnetic ratio

DE = hu = ghBo / 2p So, u = g Bo / 2p

Energy Differentiation



THE ORIGIN OF NMR SIGNALS:
(THE NUCLEI OF NMR –”ACTIVE NUCLEI “  BEHAVE LIKE TINY BAR
MAGNETS)



• Nuclei aligned with the magnetic field are lower in 
energy than those aligned against the field.

• The nuclei aligned with the magnetic field can be 
flipped “spin-flip” to the higher-energy state if the 
right amount of energy is added (DE).

• When this spin-flip occurs, the magnetic nuclei are 
said to be in resonance with the applied radiation 
hence the name nuclear magnetic resonance

• The amount of energy required depends on:

• the strength of the external magnetic field

• The identity of the nuclei.
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• Thus, two variables characterize NMR:

• an applied magnetic field B0, the strength of which is

measured in tesla (T), and

• the frequency  of radiation used for resonance,

measured in hertz (Hz), or megahertz (MHz)—(1 MHz =

106 Hz).

Introduction to NMR Spectroscopy



Chemical Shift-d
The electron density around each nucleus in a molecule varies 

according to the types of nuclei and bonds in the molecule. The 

opposing field and therefore the effective field at each nucleus 

will vary. This is called the chemical shift phenomenon.

the greater the value of Bo, the greater the frequency difference. 

This relationship could make it difficult to compare NMR spectra taken 

on spectrometers operating at different field strengths. 

The term chemical shift was developed to avoid this problem.  The 

chemical shift of a nucleus is the difference between the resonance 

frequency of the nucleus and a standard, relative to the standard.  





NMR SPECTROSCOPY DIFFER FROM” IR” 
SPECTROSCOPY:

The energy needed for NMR is much smaller than that 

required for IR Spectroscopy.





Shielding requires a higher magnetic field to bring the nucleus

into resonance - the signals are up field in the NMR spectrum

Lower electron density around a nucleus deshields the

nucleus from the external magnetic field

Deshielding causes absorption of energy at lower frequencies

– the signals are downfield in the NMR spectrum



Shielding:
The higher the electron density around the nucleus, the higher the opposing magnetic field 
to B0 from the electrons, the greater the shielding. Because the proton experiences lower 
external magnetic field, it needs a lower frequency to achieve resonance, and therefore, 
the chemical shift shifts upfield (lower ppms) .

Deshielding:
If the electron density around a nucleus decreases, the opposing magnetic field becomes 
small and therefore, the nucleus feels more the external magnetic field B0, and therefore it 
is said to be deshielded. Because the proton experiences higher external magnetic field, it 
needs a higher frequency to achieve resonance, and therefore, the chemical shift 
shifts downfield (higher ppms)



• The less shielded the nucleus becomes, the more of the applied

magnetic field (B0) it feels.

• This deshielded nucleus experiences a higher magnetic field

strength, to it needs a higher frequency to achieve resonance.

• Higher frequency is to the left in an NMR spectrum, toward 

higher

chemical shift—so deshielding shifts an absorption downfield.

• Protons near electronegative atoms are deshielded, so they 

absorb downfield.





































































RATIONALIZATION AND PREDICTION OF APPROXIMATE
CHEMICAL SHIFT DEPENDING ON INDUCTIVE EFFECT &
DIAMAGNETIC ANISOTROPY





SOLVENT SELECTION:

• Characteristic of the ideal solvent:

• 1. should contain no protons

• 2. inert

• 3. low boiling

• 4. inexpensive

• 5. Deuterated solvents are necessary for modern instruments
because they depend on a deuterium signal to lock or
stabilize the B° field of the magnet.

• Solvent used in NMR spectroscopy:

• 1. CCl4: because a/ it is contain no hydrogen.

• b/ good solvent for many organic compounds.

• c/ cheap and readily available.

• 2. CDCl3



• The protons on a CH2 group are usually

diastereotopic if:

• On an unsymmetrical double bond

• t On opposite sides of a substituted ring

• t There is a chiral center in the molecule



• 2. the position of the signals (chemical shift in H-NMR

Spectroscopy)



FACTORS EFFECTING CHEMICAL SHIFT:

1. inductive effect: 

 

2. anisotropic effect
3. vanderwaals deshielding: proton (a) is not effected by proton (b),

but if we substituted proton (b) by CH3 → repulsive because of steric

effect with the proton (a) → deshielding → down field.

                          



• 4. Hydrogen bonding:

They cause decrease the density around the hydrogen →

deshielded by inductive effect.

The intensity of intermolecular hydrogen bonding depending

on:

•

• The concentration: increase concentration → increase

H-bonding → increase deshielding.

• The temperature: increase temperature  → breakdown the H-

bonding → high field. 

• The purity. 

• Polarity of the solvent: the solvent should be deuterated 

(CDCl3) and also should not polar. 



• Intramolecular H_ bonds are less affected by their

environment than are intermolecular H _ bonds.



4. MULTIPLICITY: "SPIN_ SPIN COUPLING" OR SPIN_ SPIN 

SPLITTING IN H NMR SPECTRA:

W configuration. 

As a general rule, called the n + 1 rule, protons that have n equivalent 

neighboring protons show n + 1 peaks in their NMR spectrum. 





Spectrometer field strength 



Rule1:

Two_ bond coupling is termed geminal; three _ bond coupling is 

termed, vicinal; 

 

Spin- spin splitting in H NMR can be summarized by: 



Rule2:



Rule3:

.

e.g. CH3CH2Br    multiplets of CH2Br and CH3 have the same J 

value. 
If V1 = chem. Shift of CH3 

   V2 = chem. Shift of CH2 

  ∆V = distance between chem. Shift of non equivalent protons in the    

           molecule. 

As ∆V/ J goes down → the distance between different peaks of 2 

non equivalent protons smaller (peaks approach each other) 

When  ∆V = J → the two peaks of two protons are the same, i,e the  

                           two protons are equivalent. 





•Rule4: The relative intensities of the peaks of a 

multiplet depend on (n):     



Example: Compound (A) has the chemical formula of C10H12O2:  

                NMR spectrum showed the following signals ( δ ) : 

 7.93 (doublet), 6.91 (doublet), 3.84 (singlet), 2.93(quartet), &   

1.20(triplet). The integration for the peaks is as follows:  20:20:30:20:30 

respectively. Find the structure of compound (A), and then draw its 

spectrum chart. 



Exercise: 








