


NUCLEAR MAGNETIC RESONANCE

NMR is the spectroscopic method in which radio frequency  

waves induce transitions between magnetic energy levels of 

nuclei of molecule and there by gives information about 

molecular structure of a chemical compound.



PRINCIPLE :
All nuclei carry a charge. This nuclear charge have the

property of spinning or rotating around their own axis. The

spinning of nuclear charge generates a small magnetic field.

Thus the spinning nuclei behave as they are tiny bar magnets

with a north pole and south pole.

When the nuclei are exposed to an external magnetic field,

they show different orientation that is they may be either in

their lower energy state (parallel to the external magnetic field)

or in their higher energy level (anti parallel to the external

magnetic field).
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WHEN A SPIN-ACTIVE ATOM IS

PLACED IN A STRONG MAGNETIC FIELD

….. IT BEGINS TO PRECESS

A SECOND EFFECT OF A STRONG MAGNETIC FIELD

OPERATION  OF  AN NMR  SPECTROMETER  DEPENDS 

ON  THIS  RESULT
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when this energy absorption occurs at the
frequency that flips the nuclei, the nuclei are
said to be in resonance with the electromagnetic
radiation. This gives rise to “NUCLEAR
MAGNETIC RESONANCE”.



THEORY

All nuclei posses Nuclear spin numbers (I) which
may have zero (0), integral (1, 2, 3, ….etc.), or half
integral values (1/2, 3/2, 5/2, …. etc.).

In a nucleus the proton and neutron each has spin
1/2.

Mass No.
(A)

Atomic No.
(Z)

Nuclear 
spin 
Quantum 
No.  (I)               

Example
(ZX

A)

odd odd or even 1/2, 3/2, 5/2 
... 

1H
1, 6C

13, 

even even 0 2He4, 6C
12, 

8O
16

even odd 1, 2, 3, ….. 1H
2, 7N

14,



I = 0 , denotes no spin .

Each nucleus for which I > 0 denotes spin.

Since an electric charge is associated with an atomic nucleus

( I > 0), the spinning nucleus gives rise to a magnetic field

who’s axis is coincident with the axis of spin. Thus the

nucleus is equivalent to a minute magnet.

Since nucleus is spinning it will have an Angular Momentum

(magnitude of rotational motion).



This angular momentum (p) of the nucleus is given by –

p = I . h/2π

Where h = Plank’s constant.

When a spinning nucleus is placed in a strong uniform

magnetic field Ho , the field exerts a torque (force to produce

motion) on the nucleus which is called Magnetic Dipole

Moment (µ).



The magnetic dipole moment is given by-

µ = γ p 

Where p = angular momentum 

γ = magnetogyretic ratio (being the 
ratio between the nuclear magnetic moment µ, and the 
nuclear angular momentum, p).

This nucleus in a uniform magnetic field may assume 
discrete set of orientation or energy levels. This is called 
Quantization. 

This quantization is characterized by Magnetic Quantum 
Number, (m) which is given by –

m = (2 I + 1) 



In case of PMR

1H1 (where I = ½ )                                                                                      

m = (2I + 1)

= (2 X 1/2 + 1) = 2

2 values for m, 

m =  + 1/2 

m =  - 1/2

So, in PMR the proton has two orientations or energy

levels.



m = + ½ , more stable ground state or lower energy
level where the protons are alignment with the external
magnetic field (parallel orientation, N pole of the proton
near S pole of the external magnet).

m = - ½ , less stable exited state or upper energy level
where the protons are in alignment against the external
magnetic field (anti parallel orientation, S pole of the
proton near S pole of the external magnet).



Absorption of energy:

Energy absorption is a quantized process, and the energy

absorbed must equal the energy difference between the

two states involved.

Eabsorbed = E -1/2 state – E +1/2 state

This energy difference is directly proportional to the

strength of the applied magnetic field.

∆E α B0

The magnitude of the energy level separation also depends

on the particular nucleus involved. Each nucleus has a

different ratio of magnetic moment to angular momentum

since each has a different charge and mass.



Since angular momentum of the nucleus is quantized in 

units of h/2π the final equation:

∆E = γ (h/2π)B0 

hν = γ (h/2π)B0 

ν = γ / 2 π B0

This equation is known as Larmor equation.

This ratio, called the magnetogyric ratio, γ is a constant

for each nucleus and determines the energy dependence

on the magnetic field.

∆E α γB0



Chemical shift:

The shifts in the positions of the NMR signals (compared 
with a reference standard ) resulting from the shielding or 
deshielding by electrons are referred to as chemical shifts.

Reason:

Protons in a molecule are surrounded by the electrons, these 
electrons circulate under the influence of a magnetic field. 
This circulation generates a magnetic field (called the 
secondary or induced magnetic field), which may reinforce 
or oppose the applied magnetic field.



 If the induced magnetic field reinforces the applied 

magnetic field, a small external field will be needed for 

flipping the spin of  the proton. Such a proton is said to be 

deshielded and the absorption is known as downfield.

 If the induced magnetic field opposes the applied 

magnetic field, stronger magnetic field will be required to 

flip the proton. The proton is then said to be shielded and 

the absorption is known as upfield.





The positions of the peaks in an NMR spectrum relative to

reference peak is expressed in terms of Chemical shift δ,

which is defined as:

δ = H0 (reference) - H0(sample) 106 ppm

H0(reference)

In terms of frequency:

δ = ν(reference) – ν(sample) 104 ppm

ν(reference)



An alternative system which is generally used for defining 

the position of the resonance relative to the reference is 

assigned tau (τ) scale.

On this scale, the reference is assigned the arbitrary position 

of 10 and the value of other resonances are given by:

τ = 10 - δ



Factors influencing chemical shift:
Inductive effect:

An  electron withdrawing group is able to reduce electron 

density around the proton and deshields the proton.

On the other hand, an electron releasing group increases 

the electron density around the proton and gives rise to its 

shielding.

So electronegative atom causes deshielding of protons.



Hybridization effect:

Electro negativity of the carbon increases as:

Alkyl <  vinyl < acetylenic

Or

sp3 < sp2 < Sp

Hydrogen bonding:

If a hydrogen atom exhibits the property of hydrogen 

bonding in a compound, it will get deshielded due to the 

strongly electronegative atom  attached to it.

As such absorption is shifted downfield.



Magnetic anisotropy:

Circulation of electrons, especially of  π electrons about  

nearby nuclei generates an induced field, which can either 

oppose or reinforce the applied magnetic field at the proton , 

depending  upon the location of the proton or the space 

occupied by the proton.

This effect is also known as space effect.









In order to measure of magnitude of chemical shift of 
different kinds of protons, there must be some standard 
signals with respect to which the measurement can be made.

For this purpose, Tetra methyl silane (TMS) (CH)4Si, is 
used as the reference compounds. It gives only one signal 
which serves as the fixed reference       

CH3

H3C     Si     CH3   (TMS)

CH3



Reasons for taking TMS as the 

reference compound:

•TMS has 12 equivalent protons and gives an intense   

single signal .

•The electro-negativity of silicon is very low (1.8 as 

compared to carbon 2.5) as a result of this the shielding of 

equivalent proton in TMS is more then that of all the 

organic compound ,consequently with reference to TMS 

signal all most all other signal appear in the down field 

direction



•TMS is very inert and has a very low boiling point 
(300k), so that it can be easily removed by evaporation 
after the spectrum has been recorded.

•As TMS is not soluble in the aqueous solutions, I is not 
suitable for aqueous solutions.

For water soluble substances DSS (2,2-dimethyl-2-
silapentane-5-sulphonate) may be used as reference.



Solvents used in NMR spectroscopy:

 A substance free of proton should be used as a solvent, i. e., 

which does not give absorption of its own in NMR spectrum.

 The solvent should be capable of dissolving at least 10% of 

the substance under investigation.

 Following solvents are commonly used in NMR 

spectroscopy:

1. Carbon tetra chloride  CCl4

2. Carbon di sulfide    CS2

3. Duterochloroform   CDCl3

4. Hexa chloro acetone  (CCl3)2CO



Spin-spin coupling:

 The interaction between the spins of the neighboring 

nuclei in a molecule may cause the splitting of lines in 

NMR spectrum. This is known as spin-spin coupling.

 The area under a broad NMR signal and the total area 

under the several split signals remains the same.



Causes of splitting of NMR signals:

Because of different spin states (↑as or↓), and the 

resultant  magnetic moments of the neighboring protons, the 

actual magnetic field experienced by the given proton may 

be modified in a number of ways.

As  such, the absorbing  proton may experience each of 

the modified fields and its absorption signal may be split up 

into different peaks.

Thus it is the spin-spin coupling of the absorbing and 

neighboring protons which is responsible for the splitting of 

peaks.



Types of coupling:
 Geminal coupling: between the protons attached to 

the same carbon atom. 

Vicinal coupling: between the protons attached to the 

adjacent carbon atoms.

N+1 rule
A signal that is being split by n equivalent protons 

appears as a multiplet with (n+1) individual peaks. This 

is known as n+1 rule.



Pascal’s triangle:
We can easily verify that the intensity ratio of multiplets 

derived from n+1 rule follow the entries in the mathematical 

mnemonic device called Pascal's triangle.

Intensities of the outer peaks of a multiplet are so small as 

com pared to the inner peaks that they are often obscured in 

the base line of the spectrum.

1

1  2  1

1   3   3   1

1  4    6    4   1

1  5   10  10  5   1

1   6  15    20   15  6  1



Coupling constant:
 The distance between the peaks in a simple multiplet is 

called the coupling constant J.

 Coupling constant is the measure of how strongly a nucleus 

is affected by the spin states of the neighbors.

 Unlike the chemical shifts, the values of J are independent

of the applied field strength and depend only upon the

molecular structure.

 The spacing between two multiplet peaks is measured on

the same scale as the chemical shift, and the coupling

constant is expressed is expressed in hertz (Hz) or cps.



NMR Spectrum
Four pieces of information obtained from a spectrum

 Amount of shielding - provides information about the

environment and electronic structure of the proton. The

chemical shift will indicate the amount of shielding.

 Number of signals - indicates the number of unique

protons or sets of protons.

 Signal intensity - Actually, the area under each signal

provides the relative number of protons making up each

signal.

Splitting - Provides information about the number of

neighboring protons.




